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METHOD

FIELD OF INVENTION

The present invention relates to a method for the in situ production of an emulsifier

5 within a foodstuffby use of a tipidslerol acyltransferase.

The present invention further relates to a method for the in situ production of an

emulsifier within a foodstuff by use of a lipid;sterol acyltransferase, wherein the

- method is such that the emulsifier is produced without increasing or substantially

10 without increasing the free fatty acids in the foodstuff

TECHNICAL BACKGROUND

WO00/05396 teaches a process for preparing a foodstuff comprising an emulsifier,

15 wherein food material is contacted with an enzyme such that an emulsifier is generated

by the enzyme from a fatty acid ester and a second functional ingredient is generated

from a second constituent. WOOO/05396 teaches the use of a lipase or esterase

enzyme. Nowhere in WOOO/05396 is the specific use ofa lipidzsterol acyltransferase

taught

20

The use of lipases (EC. 3.1.1 jc) in the food and/or feed industries, for example in

foods and/or feeds comprising cereals and, in particular in bread production, has been

considered. For instance, in EP 0 585 988 it is claimed that lipase addition to dough

resulted in an improvement in the antistaling effect It is suggested that a lipase

25 obtained from Rfazopus arrhizus when added to dough can improve the quality of the

resultant bread when used in combination with shortening/fat WO94/04035 teaches

that an improved softness can be obtained by adding a lipase to dough without the

.
addition of any additional fat/oil to the dough. Castello, P. ESEGP 89-10 Dec. 1999

Helsinki, shows that exogenous lipases can modify bread volume.

30
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The substrate for lipases in wheat flour is 1.5-3% endogenous wheat lipids; which are

a complex mixture of polar and non-polar lipids. The polar lipids can be divided into

glycolipids and phospholipids. These lipids are built up of glycerol esterified with two

fatty adds and a polar group. The polar group contributes to surface activity of these

5 lipids. Enzymatic cleavage ofone ofthe fatty acids in these lipids leads to lipids with

a much higher surface activity. It is well known that emulsifiers, such as DATEM,

with high surface activity are very functional when added to dough.

In addition, phospholipases, particularly phospholipase A2 (E.C. 3,1.1.4), have been

10 used for many years for the treatment ofegg or egg-based products (see US 4#34,124

and Dutihl & Groger 1981 J. Sci. Food Agric. 32, 451-458 for example). The

phospholipase activity during the treatment of egg or egg-based products results in the

accumulation of polar lysolecithin, which can act as an emulsifier. Phospholipase

treatment of egg or egg-based products can improve the stability, thermal stability

15 under heat treatment such as pasteurisation and result in substantial thickening. Egg-

based products may include, but are not limited to cake, mayonnaise, salad dressings,

sauces, ice creams and the like.

However, it has also been found that under certain conditions the use of lipases (E.G.

20 3.1.1JQ in foodstuffs, particularly for example the use of phospholipases (E.C.

3.1.1.4) for the treatment of egg or egg-based products, may have detrimental

consequences, such as the production of off-flavours. In addition, the use of lipases

(E.C. 3.1.1JQ in dough products may have a detrimental impact on yeast activity,

and/or a negative effect on bread volume. The negative effect on bread volume is

25 often explained by overdosing. Overdosing can lead to a decrease in gluteal elasticity

which results in a dough which is too stiff and thus results in reduced volumes. In

addition, or alternatively, such lipases can degrade shortening, oil or milk fat added to

the dough. The disadvantages associated with the use of lipases, including

phospholipases, may be caused by the build-up of free fatty acids released from the

30 lipids.
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Lipasexholesterol acyltransferases have been known for some time {see for example

Buckley - Biochemistry 1983, 22, 5490-5493). In particular,

glycefophospholipidrcholestterol acyl transferases (GCATs) have been found, wiridi

like the plant and/or mammalian leothin:cholesterol acyltransferases (LCATs), will

5 catalyse fatty acid transfer between phosphatidylcholine and cholesterol.

Upton and Buckley (TBS 20, May 1995 p 178-179) and Biumlik and Buckley (J. of

Bacteriology Apr. 1996 p 2060-2064) teach a lipase/acyltransferase from Aeromonas

hydrophila which has the ability to carry out acyl transfer to alcohol acceptors in

10 aqueous media.

SUMMARY ASPECTS OF THE PRESENT INVENTION

According to a first aspect of the present invention there is provided a method of in

15 situ production of an emulsifier in a foodstuff; wherein the method comprises the step

ofadding to the foodstuffa lipidrsterol acyltransferase as defined herein.

In a further aspect, the present invention provides a method of in situ production ofan

emulsifier in a foodstuff, wherein the method is such that the emulsifier is produced

20 without increasing or substantially without increasing the free fatty acids in the

foodstuff and wherein the method comprises the step of adding a lipidzsterol

acyltransferase to the foodstuff!

In another aspect, the present invention provides a method of in situ production of an

25 emulsifier and either a sterol ester and/or a stanol ester in a foodstuff wherein the

method is such that the emulsifier is produced without increasing or substantially

without increasing the free fatty acids in the foodstuff, and wherein the method

comprises the step ofadding a lipidrsterol acyltransferase to the foodstuff.

30 According to a further aspect ofthe present invention there is provided a method of in

situ production of at least two emulsifiers and either a sterol ester and/or a stanol ester

in a foodstuff^ wherein the method is such that the emulsifiers are produced without
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increasing or substantially without increasing the free fatty acids in the foodstuff, and

wherein the method comprises the step of adding a lipidrsterol acyltransferase to the

foodstuff.

5 In another aspect, the present invention provides a method of in situ production of an

emulsifier, a carbohydrate ester and either a sterol ester and/or a stanol ester in a

foodstuff, wherein the method is such that the emulsifier is produced without

increasing or substantially without increasing the free fatty acids in the foodstuff and

wherein the method comprises the step of adding a lipidrsterol acyltransferase to the

10 foodstuff.

According to a further aspect of the present invention there is provided a method of

production of a foodstuff comprising an emulsifier, wherein the method comprises the

step ofadding to the foodstuff a lipidrsterol acyltransferase as defined herein.

15

In a further aspect, the present invention provides a method of production of a

foodstuff comprising an emulsifier, wherein the method is such that the emulsifier is

produced without increasing or substantially without increasing the free fatty acids in

the foodstuff, and wherein the method comprises the step of adding a lipidrsterol

20 acyltransferase to the foodstuff

In another aspect, the present invention provides a method of the production of a

foodstuff comprising an emulsifier and either a sterol ester and/or a stanol ester,

wherein die method is such that the emulsifier is produced without increasing or

25 substantially without increasing the free fatty acids in the foodstuff and wherein die

method comprises the step ofadding a lipidrsterol acyltransferase to the foodstuff.

According to a further aspect ofthe present invention there is provided a method ofthe

production of a foodstuff comprising at least two emulsifiers and either a sterol ester

30 and/or a stanol ester, wherein the method is such that the emulsifiers are produced

without increasing or substantially without increasing the free fatty acids in the
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foodstuff, and wherein the method comprises the step of adding a lipid:sterol

acyltransferase to the foodstuff

In another aspect, the present invention provides a method of the production of a

5 foodstuffcomprising an emulsifier, a carbohydrate ester and either a sterol ester and/or

a stanol ester, wherein the method is such that the emulsifier is produced without

increasing or substantially without increasing the free fatty acids in the foodstuff, and

wherein the method comprises the step of adding a lipidrsterol acyltransferase to the

foodstuff

10

in another aspect, the present invention provides use of a lipidrsterol acyhransferase to

prepare from a food material a foodstuff comprising an emulsifier, wherein the

emulsifier is generated from constituents of the food material by the lipidrsterol

acyltransferase.

15

In a further aspect, the present invention provides use of a lipidrsterol acyltransferase

to prepare from a food material a foodstuff comprising an emulsifier, wherein the

emulsifier is produced without increasing or substantially without increasing the free

fatty acids in the foodstuff, and wherein the emulsifier is generated from constituents

20 ofthe food material by the lipidrsterol acyltransferase.

In another aspect, the present invention provides use of a lipidrsterol acyltransferase to

prepare from a food material a foodstuff comprising an emulsifier and either a sterol

ester and/or a stanol ester, wherein the emulsifier is produced without increasing or

25 substantially without increasing (he free fatty acids in the foodstuff and wherein the

emulsifier and/or sterol ester and/or stanol ester is/are generated from constituents of

the food material by the lipidrsterol acyltransferase.

According to a further aspect of the present invention there is provided use of a

30 lipidrsterol acyltransferase to prepare from a food material a foodstuff comprising at

least two emulsifiers and either a sterol ester and/or a stanol ester, wherein the

emulsifiers are produced without increasing or substantially without increasing the free
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fatty acids in the foodstuff and wherein erne or both ofthe emulsifiers and/or the sterol

ester and/or the stanol ester is/are generated from constituents of the food material by

the lipidrsterol acyhransferase.

5 In another aspect, die present invention provides use of a lipidrsterol acyhransferase to

prepare from a food material a foodstuffcomprising an emulsifier, a carbohydrate ester

and either a sterol ester and/or a stanol ester, wherein the emulsifier is produced

without increasing or substantially without increasing the free fatty acids in the

foodstuff, and wherein the emulsifier and/or the carbohydrate ester and/or the sterol

10 ester and/or the stanol ester is/are generated from constituents ofthe food material by

the lipid:sterol acyhransferase.

In accordance with a further aspect ofthe present invention there is provided a method

of the in situ production of an emulsifier, preferably a lysolecithin, a carbohydrate

IS ester, preferably glucose ester, and a sterol ester in a egg based foodstuff, wherein the

method is such that the emulsifier is produced without increasing or substantially

without increasing the free fatty acids in the foodstuff, and wherein the method

comprises the step of adding a lipidrsterol acyhransferase to the foodstuff

20 In another aspect, the present invention provides a method of production of a egg

based foodstuff comprising an emulsifier, preferably a lysolecitfain, a carbohydrate

ester, preferably glucose ester, and a stool ester in a egg based foodstuff, wherein the

emulsifier is produced without increasing or substantially without increasing the free

fatty acids in the foodstuff and wherein the method comprises the step of adding a

25 lipidrsterol acyhransferase to the foodstuff.

In a farther aspect, the present invention further provides a foodstuff obtainable by,

preferably obtained by, a method according to die present invention.

30 DETAILED ASPECTS OF THE PRESENT INVENTION
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The term "iipidrsterol acyltransferase" as used herein means an enzyme which as well

as having lipase activity (generally classified as E.C. 3.1.1 jc in accordance with the

Enzyme Nomenclature Recommendations (1992) of the Nomenclature Committee of

the International Union of Bkxrhemistry and Molecular Biology) also has

5 acyltransferase activity (generally classified as E.C, 2.3.1.x), whereby the enzyme is

capable oftransferring an acyl group from a lipid to a sterol and/or a stanoL

In one aspect, the Iipidrsterol acyltransferase may, as well as being able to transfer an

acyl group from a lipid to a sterol and/or a stanol, additionally be able to transfer the

10 acyl group from a lipid to a carbohydrate.

Preferably, the lipid substrate upon which the Iipidrsterol acyltransferase according to

the present invention acts is one or more ofthe following lipids: a phospholipid, such

as phosphatidylcholine for example, a triacylglyceride, a diglyceride, or a glycolipid,

IS such as digalactosyldiglyceride (DGDG). This lipid substrate may be referred to

herein as the "lipid acyl donor". The term phosphatidylcholine as used herein is

. synonymous with the term lecithin and these terms may be used herein

interchangeably.

20 Preferably the lipid substrate is a food lipid, that is to say a lipid component of a

foodstuff.

For some aspects, preferably die lipid substrate upon which the Iipidrsterol

acyltransferase acts is a phospholipid, such as phosphatidylcholine.

25

For some aspects, preferably the lipid substrate is a glycolipid, such as DGDG for

example.

For some aspects, preferably the Iipidrsterol acyltransferase according to the present

30 invention is incapable, or substantially incapable, ofacting on a triglyceride and/or a 1 -

monoglyceride.
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Suitably, the lipid substrate or lipid acyl donor may be one or more lipids present in

one or more of the following substrates: fats, including lard, tallow and butter fat; oils

including oils extracted from or derived from palm oil, sunflower oil, soya bean oil,

safflower oil, cotton seed oil, ground nut oil, corn oil, olive oil, peanut oil, coconut oil,

5 and rape seed oil. Lecithin from soya, rape seed or egg yolk is also a suitable lipid

substrate. The lipid substrate may be an oat lipid or other plant based material

containing galactofrpids.

In one aspect the lipid acyl donor is preferably lecithin (phosphatidylcholine) in egg

10 yolk.

For some aspects of the present invention, the lipid may be selected from lipids having

a fatty acid chain length offrom 8 to 22 carbons.

15 For some aspects ofthe present invention, the lipid may be selected from lipids having

a fatty acid chain length of from 16 to 22 carbons, more preferably of from 16 to 20

carbons.

For some aspect of the present invention, the lipid may be selected from lipids having

20 a fatty acid chain length of no greater than 14 carbons, suitably from lipids having a

fatty acid chain length offrom 4 to 14 carbons, suitably 4 to 10 carbons, suitably 4 to 8

carbons.

Suitably, the Kpidrsterol acyltransferase according to the present invention may exhibit

25 one or more of the following lipase activities: glycolipase activity (E.C. 3.1.1.26),

triacylglycerol lipase activity (EiC. 3.1.1 J), phospholipase A2 activity (E.C. 3.1.1.4)

or phospholipase Al activity (E.C. 3.1.1.32)* The term "glycolipase activity" as used

herein encompasses u
galactolipase activity".

30 Suitably, the lipid:sterol acyltransferase according to the present invention may have at

least one or more ofthe following activities: glycolipase activity (E.C. 3.1.1.26) and/or
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phospholipase Al activity (E.C. 3.1.132) and/or phospholipase A2 activity (E.C.

3.1.1.4).

For some aspects, the lipid:sterol acyltransferase according to the present invention

5 may have at least glycoHpase activity (E.G 3.1.1.26).

Suitably, for some aspects the lipidrsterol acyltransferase according to the present

invention may be capable of transferring an acyl group from a glycolipid to a sterol

and/or a stanol to form a sterol and/or a stanol ester.

In one aspect, preferably the lipidrsterol acyltransferase according to the present

invention does not have triacylglycerol lipase activity (E.C. 3.1.1.3).

The lipidrsterol acyltransferase is capable of transferring an acyl group from a lipid to

a sterol and/or a stanoL Thus, the "acyl acceptor" according to the present invention

may be either a sterol or a stanol or a combination ofboth a sterol and a stanol.

Suitable sterol acyl acceptors include cholesterol and phytosterois, for example alpha-

sitosterol, beta-sitosterol, stigmasterol, ergosterol, campesterol, 5,6-dihydrosterol,

hrassicasterol, alpha-spinasterol, beta-spinasterol, gamma-spinasterol, deltaspinasterol,

fucosterol, dimosterol, ascosterol, serebisterol, episterol, anasterol, hyposterol,

chondrillasterol, desmosterol, chalinosterol, poriferasterol, clionasterol, and other

natural or synthetic isomeric forms and derivatives.

In one aspect, preferably the sterol acyl acceptor is one or more of the following:

alpha-sitosterol, beta-sitosterol, stigmasterol, ergosterol and campesterol.

In one aspect, preferably the sterol acyl acceptor is cholesterol. When it is the case

that cholesterol is the acyl acceptor for the lipidrsterol acyltransferase, the amount of

free cholesterol in the foodstuff is reduced as compared with the foodstuff prior to

exposure to the lipidrsterol acyltransferase and/or as compared with an equivalent

foodstuffwhich has not been treated with the lipidrsterol acyltransferase.



10

Suitable stanol acyl acceptors include phytostanols, for example beta-sitostanol or ss-

sitostanol.

5 In one aspect, preferably the sterol and/or stanol acyl acceptor is a sterol and/or a

stanol other than cholesterol.

In some aspects, the foodstuff prepared in accordance with die present invention may

be used to reduce blood serum cholesterol and/or to reduce low density lipoprotein.

10 Blood serum cholesterol and low density lipoproteins have both been associated with

certain diseases in humans, such as atherosclerosis and/or heart disease for example.

Thus, it is envisaged that the foodstuffs prepared in accordance with the present

invention may be used to reduce the risk ofsuch diseases.

15 Thus, in one aspect the present invention provides the use of a foodstuff according to

the present invention for use in the treatment and/or prevention of atherosclerosis

and/or heart disease.

In a further aspect, the present invention provides a medicament comprising a

20 foodstuffaccording to the present invention.

In a further aspect, the present invention provides a method of treating and/or

prevention a disease in a human or animal patient which method comprising

administering to the patient an effective amount ofa foodstuff according to the present

25 invention.

Suitably, the sterol and/or the stanol "acyl acceptor" may be found naturally within the

foodstuff. Alternatively, the sterol and/or the stanol may be added to the foodstuff.

When it is the case that a sterol and/or a stanol is added to the foodstuff the sterol

30 and/or stanol may be added before, simultaneously with, and/or after the addition of

the lipidisterol acyltransferase according to the present invention. Suitably, the present

invention may encompass the addition of exogenous sterols/stanols, particularly
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phytosterols/phytostanols, to the foodstuffprior to or simultaneously with the addition

ofthe enzyme according to the present invention.

5 For some aspects, one or more stools present in the foodstuffmay be converted to one

or more stanols prior to or at the same time as the lipidrsterol acyltransferase is added

according to the present invention. Any suitable method for converting sterols to

stanols may be employed. The conversion may be conducted prior to the addition of

the lipid-sterol acyltransferase in accordance with the present invention or

10 simultaneously with the addition of the lipid:sterol acyltransferase in accordance with

the present invention- Suitably enzymes for the conversion of sterol to stanols are

taught in WO00/061771.

Suitably the present invention may be employed to produce phytostanol esters in situ

15 in a foodstuff. Phytostanol esters have increased solubility, bioavailability and

enhanced health benefits (see for example WO92/99640).

In some embodiments of the present invention the stanol ester and/or the sterol ester

may be a flavouring and/or a texturiser. hi which instances, the present invention

20 encompasses the in situ production offlavourings and/or texturisers.

For some aspects ofthe present invention, the lipidrsterol acyltransferase according to

the present invention may also utilise a carbohydrate as the acyl acceptor. In such

instances the carbohydrate acyl acceptor may be one or more of the following: a

25 monosaccharide, a disaccharide, an oligosaccharide or a polysaccharide. Preferably,

die carbohydrate is one or more of the following: glucose, fructose, anhydrofructose,

maltose, lactose, sucrose, galactose, xylose, xylooligosacharides, arabinose,

maltooligosaccharides and tagatose.

30 Suitably, die carbohydrate "acyl acceptor" may be found naturally within the

foodstuff. Alternatively, the carbohydrate may be added to the foodstuff. When it is

the case that the carbohydrate is added to the foodstuff^ the carbohydrate may be added
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before, simultaneously with, and/or after the addition ofthe lipidrsterol acyhransferase

according to the present invention.

Carbohydrate esters can function as valuable emulsifiers in foodstuffs. Thus, when it

5 is the case that the enzyme functions to transfer the acyl group to a sugar, the invention

encompasses the production ofa second in situ emukifier in the foodstuff

The utilisation of lipid:sterol acyhransferase which can transfer the acyl group to a

carbohydrate as well as to a sterol and/or a stanol is particularly advantageous for

10 foodstuffs comprising eggs. In particular, the presence of sugars, in particular glucose,

in egg and egg products is often seen as disadvantageous. Egg yolk may comprise up

to 1% glucose. Typically, egg or egg containing products may be treated with glucose

oxidase to remove some or all of this glucose. However, in accordance with the

present invention this unwanted sugar can be readily removed by "esterifying" the

15 sugar to form a sugar ester.

Thus in accordance with the present invention, one or more of the following

advantageous properties can be achieved: in situ production ofan emulsifier without

an increase in free fatty acids; a reduction in the accumulation offree fatty acids in the

20 foodstuff, a reduction in free cholesterol levels in the foodstuff, an increase in sterol

esters and/or stanol esters; a reduction in blood serum cholesterol and/ox low density

lipoproteins; an increase in carbohydrate esters; a reduction in unwanted free

carbohydrates.

25 An advantage ofthe present invention is that the emulsifier(s) is/are prepared in situ in

the foodstuff without an increase in the free fatty acid content of the foodstuff. The

production office fatty acids can be detrimental to foodstuffs. In particular, free fatty

acids have been linked with off-odours and/or off-flavours in foodstuffs, as well other

detrimental effects, including a soapy taste in cheese for instance. Preferably, the

30 method according to the present invention results in the in situ preparation of an

emulsifier(s) wherein the accumulation of free fatty acids is reduced and/or eliminated.

Without wishing to be bound by theory, in accordance with the present invention die
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fatty acid which is removed from the lipid is transferred by 'the lipid-sterol

aeyltransferase to a sterol and/or a stanol. Thus, the overall level of free fatty acids in

the foodstuffdoes not increase or increases only to an insignificant degree. This is in

sharp contradistinction to the situation when lipase (E.C. 3.1.1.x) are used to produce

5 emulsifiers in situ. In particular, the use of lipases can result in an increased amount
j

of free fatty add in the foodstuff, which can be detrimental. In accordance with the

present invention, the accumulation of free fatty acids is reduced and/or eliminated

when compared with the amount of free fatty acids which would have been

accumulated had a lipase enzyme, in particular a phospholipase A2 enzyme, been used

10 in place ofthe lipid:sterol aeyltransferase in accordance with the present invention.

Preferably, the lipid:sterol aeyltransferase enzyme according to the present invention

may be characterised using the following criteria:

(i) the enzyme possesses acyl transferase activity which may be defined as

15 ester transfer activity whereby the acyl part of an original ester bond of

a lipid acyl donor is transferred to a stool and/or a stanol acyl acceptor

to form a new ester, i.e. a sterol ester and/or a stanol ester; and

(ii) the enzyme comprises the amino acid sequence motif GDSX, wherein

X is one or more of the following amino acid residues L, A, V, I, F, Y,

20 H,Q,T,N,MorS.

Preferably, X of the GDSX motif is L. Thus, preferably the enzyme according to the

. present invention comprises the amino acid sequence motifGSDL.

25 For some aspects, the lipi<ksterol aeyltransferase enzyme according to the present

invention may be characterised using the following criteria:

(i) the enzyme possesses acyl transferase activity which may be defined as

ester transfer activity whereby the acyl part of an original ester bond of

a first lipid acyl donormay be transferred to a sterol and/or a stanol acyl

30 acceptor to form a new ester, i.e. a sterol ester and/or a stanol ester, and

additionally the acyl part ofan original ester bond ofa second lipid acyl
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donor may be transferred to a carbohydrate acyl acceptor to form a

further new ester, i.e. a carbohydrate ester, and

(iii) the enzyme comprises the amino acid sequence motif GDSX, wherein

X is one or more of the following amino acid residues L, A, V, I, F, Y,

5 H*Q,T,N,MorS.

Preferably, the X residue ofthe GDSX motif isL

Suitably, the first and second lipid acyl donor may be the same lipid acyl donor.

10 Alternatively, the first and second lipid acyl donor may be different lipid acyl donors

.

The GDSX motif is comprised of four conserved amino acids. Preferably, the serine

within the motif is a catalytic serine of the lipidzsterol acyltransferase enzyme.

Suitably, the serine of the GDSX motifmay be in a position corresponding to Ser-16

15 in Aeromonas hydrophila lipolytic enzyme taught in Brumlik & Buckley (Journal of

. Bacteriology Apr. 1996, Vol. 178, No. 7, p 2060-2064).

To determine if a protein has the GDSX motif according to the present invention, the

sequence is preferably compared with the hidden markov model profiles (HMM

20 profiles) of the pfam database, A hidden markov model profile is based on a manually

verified multiple sequence alignment of a representative set ofsequences comprising a

protein domain family, and is used for alignment purposes. A positive match with the

hidden markov model profile (HMM profile) of the pfam00657.6 domain family

indicates the presence of die GDSL or GDSX domain according to the present

25 invention. For a detailed explanation of the theory and implementation of hidden

markov models see Durbin et al 1998 Biological Sequence Analysis: Probabilistic

Models of Proteins and Nucleic Acids, Cambridge Uni. Press, ISBN: 0-521-62051-4.

For pfam alignment and scoring procedures see [A. Bateman et ah Nucleic Acids

Research, 30(1):276-280, 2002]. The pfam database can be accessed through the

30 internet and is currently available at one ofthe following web pages:

http^/www.sanger^.uk/Software/Pfkn/index^h^

http://pfam.wustl.edu/
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http^AvwwxgrJki^c/Pfam/ -

htQ)'V/pfem.jouyinra.fi/

The pfam00657.6 GDSX domain is a unique identifier which distinguishes proteins

5 possessing this domain from other enzymes.
»

The p&m00657.6 consensus sequence is presented in Figure 1 as SEQ ID No. 1.

Preferably, the lipid-sterol acyltransferase enzyme according to the present invention

10 may be characterised using the following criteria:

(i) the enzyme possesses acyl transferase activity which may be defined as

ester transfer activity whereby the acyl part ofan original ester bond of

a lipid acyl donor is transferred to a sterol and/or a stanol acyl acceptor

to form a new ester, i.e. a sterol ester and/or a stanol ester;

15 (ii) the enzyme comprises the amino acid sequence motif GDSX, wherein

X is one or more ofthe following amino acid residues L, A, V, I, F, Y,

H,Q,T,N,MorS;

Qii) the enzyme comprises His-309 or comprises a histidine residue at a

position corresponding to His-309 in the Aeromonas hydrophila

20 lipolytic enzyme shown in Figure 2 (SEQ ID No. 2).

Preferably, the amino acid residueX ofthe GDSX motif is L.

In SEQ ID No. 2 the first 18 amino acid residues form a signal sequence. His-309 of

25 the full length sequence, that is the protein including the signal sequence, equates to

His-291 of the mature part of the protein, i.e. the sequence without the signal

sequence.

Preferably, the lipkLsterol acyltransferase enzyme according to the present invention

30 may be characterised using the following criteria:

(i) die enzyme possesses acyl transferase activity which may be defined as

ester transfer activity whereby the acyl part ofan original ester bond of
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a first lipid acyl donor is transferred to a sterol and/or a stanol acyl

acceptor to form a new ester, i.e. a sterol ester and/or a stanol ester, and

the acyl part of an original ester bond of a second lipid acyl donor is

transferred to a carbohydrate to form a further new ester, i.e. a

5 carbohydrate ester;

(ii) the enzyme comprises the amino acid sequence motif GDSX, wherein

X is one or more of the following amino acid residues L, A, V, I, F, Y,

H,Q,T,N,MorS; and

(iii) the enzyme comprises His-309 or comprises a histidine residue at a

10 position corresponding to His-309 in the Aeromonas hydrophila

lipolytic enzyme shown in Figure 2 (SEQ ID No. 2).

Preferably, the amino acid residueX ofthe GDSX motif is L.

IS Preferably, the lipid:sterol acyltransferase enzyme according to the present invention

comprises the following catalytic triad: Ser-34, Asp-134 and His-309 or comprises a

serine residue, an aspartic acid residue and a histidine residue, respectively, at

positions corresponding to Ser-34, Asp*134 and His-309 in the Aeromonas hydrophila

lipolytic enzyme shown in Figure 2 (SEQ ID No. 2). As stated above, in the sequence

20 shown in SEQ ID No. 2 the first 18 amino acid residues form a signal sequence. Ser-

34, Asp-134 and His-309 of the full length sequence, that is the protein including the

signal sequence, equate to Ser-16, Asp-116 and ffis-291 of the mature part of the

protein, i.e. die sequence without die signal sequence. In the pfam00657.6 consensus

sequence, as given in Figure 1 (SEQ ID No. 1) the active site residues correspond to

25 Ser-7, Asp-157 and His-348.

Preferably, the lipidrsterol acyltransferase enzyme according to the present invention

may be characterised using the following criteria:

(i) the enzyme possesses acyl transferase activity which may be defined as

30 ester transfer activity whereby the acyl part of an original ester bond of

a first lipid acyl donor is transferred to a sterol and/or a stanol acyl

acceptor to form a new ester, i.e. a sterol ester and/or a stanol ester; and
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(ii) the enzyme comprises at least Gly-32, Asp-33, Ser-3^, Asp-134 and

His-309 or comprises glycine, aspartic acid, serine, aspartic acid and

histidine residues at positions corresponding to Gly-32, Asp-33, Ser-34,

Asp-134 and His-309, respectively, in the Aeromonas hydrophila

5 lipolytic enzyme shown in Figure 2 (SEQ ID No. 2).

Suitably, the lipid:sterol acyltransferase enzyme according to the present invention

may be characterised using the following criteria:

(i) the enzyme possesses acyl transferase activity which may be defined as

10 ester transfer activity whereby the acyl part of an original ester bond of

a first lipid acyl donor is transferred to a sterol and/or a stanol acyl

acceptor to form a new ester, i.e. a sterol ester and/or a stanol ester; and

(ii) the enzyme comprises Gly-5, Asp-6, Ser-7, Asp-157 and His-348 or

comprises glycine, aspartic add, serine, aspartic acid and histidine

15 residues at positions corresponding to Gly-5, Asp-6, Ser-7, Asp-156

and His-348, respectively, in the pfam00657.6 consensus sequence

shown in Figure 1 (SEQ ID No. 1).

Preferably, the Kpid:sterol acyltransferase enzyme according to the present invention

20 may be characterised using the following criteria:

(i) the enzyme possesses acyl transferase activity which may be defined as

ester transfer activity whereby the acyl part ofan original ester bond of

a first lipid acyl donor is transferred to a sterol and/or a stanol acyl

acceptor to form a new ester, i.e. a sterol ester and/or a stanol ester, and

25 the acyl part of an original ester bond of a second lipid acyl donor is

transferred to a carbohydrate to form a further new ester, i.e. a

carbohydrate ester; and

(ii) the enzyme comprises at least Gly-32, Asp-33, Ser-34, Asp-134 and

His-309 or comprises glycine, aspartic acid, serine, aspartic acid and

30 histidine residues at positions corresponding to Gly-32, Asp-33, Ser-34,

Asp-134 and His-309, respectively, in the Aeromonas hydrophila

lipolytic enzyme shown in Figure 2 (SEQ ID No. 2).
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Suitably, the lipid:sterol acyltransferase enzyme according to the present invention

may be characterised using the following criteria:

00 the enzyme possesses acyl' transferase activity which may be defined as

ester transfer activity whereby the aeyl part of an original ester bond of

a first lipid acyl donor is transferred to a sterol and/or a stanol acyl

acceptor to form anew ester, Le. a sterol ester and/or a stanol ester, and

the acyl part of an original ester bond of a second lipid acyl donor is

transferred to a carbohydrate to form a further new ester, i.e. a

carbohydrate ester, and

(ii) the enzyme comprises Gly-5, Asp-6, Ser-7, Asp-157 and JEs-348 or

comprises glycine, aspartic add, serine, aspartic acid and histidine

residues at positions corresponding to Gly-5, Asp-6, Ser-7, Asp-156

and His-348, respectively, in the pfam00657.6 consensus sequence

shown in Figure 1 (SEQIDNo. 1).

Suitably, the lipidisterol acyltransferase enzyme according to the present invention

may be obtainable, preferably obtained, from organisms from one or more of the

following genera: Aeromonas, Streptomyces, Saccharomyces, Lactococcus,

20 Mycobacterium, Streptococcus, Lactobacillus, Desulfitobacterium, Bacillus,

Campylobacter, Vibrionaceae, XyleUa, Sulfolobus, Aspergillus, Schizosaccharomyces,

Listeria, Neisseria, Mesorfuzobium, Ralstonia, Xanthomonas, and Candida.

Suitably, the lipid:sterol acyltransferase enzyme according to the present invention

25 may be obtainable, preferably obtained, from one or more ofthe following organisms:

Aeromonas hydrophBa, Aeromonas salmonicida, Streptomyces coelicolor,

Mycobacterium, Streptococcus pyogenes, Lactococcus lactis, Streptococcus pyogenes,

Streptococcus thermophilic, Lactobacillus hetveticus, Desulfitobacterium

dehalogenans. Bacillus sp, Campylobacter jejuni, Vibrionaceae% XyleUa fastidiosa,

30 Sulfolobus solfataricus, Saccharomyces cerevisiae, Aspergillus terreus,

Schizosaccharomyces pombe, Listeria irmocua, Listeria monocytogenes, Neisseria

10
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meningitidis, Mesorhizobium loti, Ralstonia solanabearum, Xarahomonas campestris,

Xanthomonas axonopocHs and Candidaparapsilosis.

Suitably, the lipid:sterol acyitransferase enzyme according to the present invention

S comprises one or more ofthe following amino acid sequences:

(i) the amino acid sequence shown as SEQ ID No. 2 (see Figure 2)

(n) the amino acid sequence shown as SEQ ID No. 3 (see Figure 3)

(iii) the amino acid sequence shown as SEQ ID No. 4 (see Figure 4)

(iv) the amino acid sequence shown as SEQ ID No. 5 (see Figure 5)

10 (v) the amino acid sequence shown as SEQ ID No. 6 (see Figure 6)

(vi) the amino acid sequence shown as SEQ ID No. 12 (see Figure 14)

(vii) an amino acid sequence which has 75% or more identity with any one of the

sequences shown as SEQ ID No. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No.

5, SEQ ID No. 6 or SEQ ID No. 12.

15

Suitably, the lipidrsterol acyitransferase enzyme according to the present invention

comprises either the amino acid sequence shown as SEQ ID No. 2 or as SEQ ID No. 3

or comprises an amino acid sequence which has 75% or more identity with either the

amino acid sequence shown as SEQ ED No. 2 or the amino acid sequence shown as

20 SEQ ID No. 3.

For the purposes ofthe present invention, the degree ofidentity is based on the number

of sequence elements which are the same. The degree of identity in accordance with

the present invention may be suitably determined by means of computer programs

25 known in the art, such as GAP provided in the GCG program package (Program

Manual for the Wisconsin Package, Version 8, August 1994, Genetics Computer

Group, 575 Science Drive, Madison, Wisconsin, US53711) (Needleman & Wunsch

(1970), J. of Molecular Biology 48, 443-45) using the following settings for

polypeptide sequence comparison: GAP creation penalty of 3.0 and GAP extension

30 penalty of0.K
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Suitably the hpid:sterol acyltransferase enzyme according to the present invention

comprises an amino acid sequence which has 80% or more, preferably 85% or more,

more preferably 90% or more and erven more preferably 95% or more identity with any

one of the sequences shown as SEQ ID No, 2, SEQ ID No, 3, SEQ ID No* 4, SEQ ID

5 No.5,SEQIDNo.6orSEQIDNo,12.

Suitably, the lipidrsterol acyltransferase enzyme according to the present invention

comprises one or more ofthe following amino acid sequences:

(a) an amino acid sequence shown as amino acid residues 1-100 ofSEQ ID No. 2;

10 (b) an amino acid sequence shown as amino acids residues 101-200 ofSEQ ID No. 2;

(c) an amino acid sequence shown as amino acid residues 201-300 of SEQ ID No. 2;

or

(d) an amino acid sequence which has 75% or more, preferably 85% or more, more

preferably 90% or more, even more preferably 95% or more identity to any one of

15 the amino acid sequences defined in (a)-(c) above.

Suitably, the lipidrsterol acyltransferase enzyme according to the present invention

comprises one or more ofthe following amino acid sequences:

(a) an amino acid sequence shown as amino add residues 28-39 ofSEQ ID No. 2;

20 (b) an amino acid sequence shown as amino acids residues 77-88 ofSEQ ID No. 2;

(c) an amino acid sequence shown as amino acid residues 126-136 ofSEQ ID No. 2;

(d) an amino acid sequence shown as amino acid residues 163-175 ofSEQ ID No. 2;

(e) an amino acid sequence shown as amino acid residues 304-311 of SEQ ID No. 2;

or

25 (f) an amino acid sequence which has 75% or more, preferably 85% or more, more

preferably 90% or more, even more preferably 95% or more identity to any one of

the amino acid sequences defined in (a)-(e) above.

Suitably, the lipidrsterol acyltransferase enzyme according to the present invention

30 may comprise an amino acid sequence produced by the expression or one or more of

the following nucleotide sequences:

(a) the nucleotide sequence shown as SEQ ID No. 7 (see Figure 9);
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(b) the nucleotide sequence shown as SEQ IDNo. 8 (see Figure 10);

(c) the nucleotide sequence shown as SEQ IDNo. 9 (see Figure 11);

(d) the nucleotide sequence shown as SEQ ID No. 10 (see Figure 12);

(e) the nucleotide sequence shown as SEQ ID No. 11 (see Figure 13);

5 (f) the nucleotide sequence shown as SEQ ID No. 13 (see Figure 15); or

a nucleotide sequence which has 75% or more identity with any one of the sequences

shown as SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID No. 10, SEQ ID No.

llorSEQIDNo.13.

10 Suitably the nucleotide sequence may have 80% or more, preferably 85% or more,

more preferably 90% or more and even more preferably 95% or more identity with any

one ofthe sequences shown as SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID

No. 10, SEQ ID No. 11 or SEQ ID No. 13.

15 In one aspect, the lipidisterol acyhransferase according to the present invention may be

a lecithinicholesterol acyltransferases (LCAT).

Suitable LCATs are known in the art and may be obtainable from one or more of the

following organisms for example: mammals, rat, mice, chickens, DrosophUa

20 melanogaster, plants, including Arabidopsis and Oryza sativa, nematodes, fungi and

yeast

The term "without increasing or without substantially increasing the free fatty acids"

as used herein means that preferably the lipidisterol acyl transferase according to the

25 present invention has 100% transferase activity (i.e. transfers 100% ofthe acyl groups

from an acyl donor onto the sterol/stanol and/or carbohydrate acyl acceptor, with no

hydrolytic activity); however, the enzyme may transfer less than 100% of the acyl

groups present in the lipid acyl donor to the sterol/stanol and/or carbohydrate. In which

case, preferably the acytransferase activity accounts for at least 5%, more preferably at

30 least 10%» more preferably at least 20%, more preferably at least 30%, more

preferably at least 40%, more preferably 50%, more preferably at least 60%, more

preferably at least 70%, more preferably at least 80%, more preferably at least 90%
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and more preferably at least 98% of the total enzyme activity. The % transferase

activity (Le. the transferase activity as a percentage of the total enzymatic activity)

may be determined by the following protocol:

5 Protocol for the determination of% acvltransferase activity: \

\

A foodstuff to which a lipidrsterol acyltransferase according to the present invention

has been added may be extracted following the enzymatic reaction with

CHCbrCfyOH 2:1 and the organic phase containing the lipid material is isolated and

10 analysed by GLC and HPLC according to the procedure detailed hereinbelow. From

the GLC and HPLC analyses the amount of free fatty acids, sterol/stanol esters and

sugar esters ate determined. A control foodstuffto which no enzyme according to the

present invention has been added, is analysed in the same way.

15 Calculation:

From the results of the GLC and HPLC analyses die increase in free fatty acids,

sterol/stanol esters and sugar esters can be calculated:

A% fatty acid =% Fatty acid(enzyme) -% fatty acid(control)

A % sterol/stanol ester (hereinafter referred to as A % sterol/stanol ester) - %

20 sterol/stanol ester(enzyme) -% sterol/stanol ester(control)

A % sugar ester =% sugar ester(enzyme) -% sugar ester (control)

The transferase activity is calculated as a percentage ofthe total enzymatic activity:

25 % transferase activity3

ffA%sterol ester/CMv sterol ester) + A % sugar estetffMv sugar ester)) x 100 .

A% sterol ester/(Mv sterol ester) + A % sugar ester/(Mv sugar ester) +A% fatty acki/(Mv fetty arid)

30 where:

Mv stool ester- average molecular weight ofdie sterol and/or stanol esters

Mv sugar ester = average molecular weigbt ofthe sugar esters

Mv fatty acid = average molecular weight ofthe fetty acids
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Ifthe free fatty acids are increased in the foodstuffthey are preferably not increased to

a significant degree. By this we mean, that the increase in free fatty acid does not

adversely affect the quality ofthe foodstuff.

5

In some aspects ofthe present invention the amount of free fatty acid in the foodstuff

may even be reduced (as compared with the amount of free fatty acid that would be

produced ifa phosphobpase A2 enzyme had been used.

10 The term "in situ" as used herein means that the emulsifier(s) and/or the sterol/stanol

esters and/or the carbohydrate esters are produced within the foodstuff or a fraction of

the foodstuff This contrasts the situation where the emulsifier(s) and/or the

sterol/stanol esters and/or the carbohydrate esters are produced separately of the

foodstuff and are added as formed products to the foodstuff during preparation of the

15 same. In other words, the term "in situ" as used herein means that by the addition of

the lipidrsterol acyltransferase enzyme according to the present invention to a

foodstuff or to the food ingredients/materials constituting the foodstuff an emulsifier

and/or a sterol ester and/or a stanol ester and/or a carbohydrate ester may be produced

from components of the foodstuff Suitably, the components of the foodstuff may be

20 the substrate(s) for the enzyme. If necessary, the components of the foodstuffmay be

supplemented by addition of one or more further components which further

components may be the same as those present in the foodstuff or may be additional to

those components already present in the foodstuff For the avoidance of doubt, the

method according to the present invention is a method for the production of an

25 emulsifier and/or a sterol ester and/or a stanol ester and/or a carbohydrate ester in situ

in a foodstuff and is not a method for preparing an emulsifier and/or a sterol ester

and/or a stanol ester and/or a carbohydrate ester (for example is an isolated and/or

purified form) for subsequent addition to a foodstuff

30 Preferably, the lipidrsterol acyltransferase according to the present invention is capable

of transferring an acyl group from a lipid to a sterol/stanol when present in a polar

environment, preferably in an aqueous environment, preferably a water containing
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foodstuff. Suitably, however the aqueous environment may be an aqueous buffer. The

term "aqueous environment" as used herein means preferably an environment which is

absent an organic solvent, preferably absent a polar organic solvent In particular, the

term "aqueous environment" may refer to an environment to which no exogenous

5 organic solvents, preferably no polar organic solvents, have been added. The term

organic solvent as used herein does not encompass food oils that are high in non-polar

lipids. Suitably, the aqueous environment according to die present invention may

comprise less than 30% by volume organic solvents, more preferably less than 15% by

volume organic solvents, more preferably less than 5%. Suitably the foodstuff may

10 comprise between 1 and 5% organic solvent, for example ethanol. However, when the

foodstuff comprises such an organic solvent, preferably it is produced endogenously

within the foodstuff. That is to say, when the foodstuff comprises such an organic

solvent, preferably the organic solvent is not an exogenous organic solvent

15 The term "foodstuff as used herein means a substance which is suitable for human

and/or animal consumption.

Suitably, the term "foodstuff* as used herein may mean a foodstuff in a form which is

ready for consumption. Alternatively or in addition, however, the term foodstuff as

20 used herein may mean one or more food materials which are used in the preparation of

a foodstuff. By way of example only, the term foodstuff encompasses both baked

goods produced from dough as well as the dough used in the preparation of said baked

goods.

25 In a preferred aspect the present invention provides a foodstuff as defined above

wherein the foodstuff is selected from one or more of the following: eggs, egg-based

products, including but not limited to mayonnaise, salad dressings, sauces, ice creams,

egg powder, modified egg yolk and products made therefrom; baked goods, including

breads, cakes, sweet dough products, laminated doughs, liquid batters, muffins,

30 doughnuts, biscuits, crackers and cookies; confectionery, including chocolate, candies,

caramels, halawa, gums, including sugar free and sugar sweetened gums, bubble gum,

soft bubble gum, chewing gum and puddings; frozen products including sorbets,
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preferably frozen dairy products, including ice cream and ice milk; dairy products,

including cheese, butter, milk, coffee cream, whipped cream, custard cream, fttilk

drinks and yoghurts; mousses, whipped vegetable creams, meat products, including

processed meat products; edible oils and fats, aerated and non-aerated whipped

5 products, oil-in-water emulsions, water-in-oil emulsions, margarine, « shortening and

spreads including low fat and very low fat spreads; dressings, mayonnaise, dtps, cream

based sauces, cream based soups, beverages, spice emulsions, sauces and mayonnaise.

Suitably the foodstuff in accordance with the present invention may be a "fine foods",

10 including cakes, pastry, confectionery, chocolates, fudge and the like.

In one aspect the foodstuff in accordance with the present invention may be a dough

product or a baked product, such as a bread, a fried product, a snack, cakes, pies,

brownies, cookies, noodles, snack items such as crackers, graham crackers, pretzels,

15 and potato chips, and pasta.

In a further aspect, the foodstuff in accordance with the present invention may be a

plant derived food product such as flours, pre-mixes, oils, fats, cocoa butter, coffee

whhener, salad dressings, margarine, spreads, peanut butter, shortenings, ice cream,

20 cooking oils.

In another aspect, the foodstuff in accordance with the present invention may be a

dairy product, including butter, milk, cream, cheese such as natural, processed, and

imitation cheeses in a variety of forms (including shredded, block, slices or grated),

25 cream cheese, ice cream, frozen desserts, yoghurt, yoghurt drinks, butter fat,

anhydrous milk fiat, other dairy products. The enzyme according to the present

invention may improve fat stability in dairy products.

It is particularly advantageous to utilise the present invention in cheese as the

30 production of free fatty acids in cheese is associated with a "soapy" taste. Thus, the

use of a lipidrsterol acyltransferase in accordance with the present invention

advantageously produces cheese without a "soapy" taste.

NZAS-0212192



26 •

In another aspect, the foodstuffin accordance with the present inventionmay be a food

product containing animal derived ingredients, such as processed meat products,

cooling oils, shortenings.

• 5

In a further aspect, the foodstuff in accordance with die present invention may be a

beverage, a fruit, mixed fruit, a vegetable or wine. In some cases the beverage may

contain up to 20 g/l ofadded phytosterols.

10 In another aspect, the foodstuff in accordance with the present invention may be an

animal feed. The animal feed may be enriched with phytosterol and/or phytostanols,

preferably with beta-sitisterol/stanoL Suitably, the animal feed may be a poultry feed.

When the foodstuff is poultry feed, the present invention may be used to lower the

cholesterol content of eggs produced by poultry fed on the foodstuff according to the

15 present invention.

In one aspect preferably the foodstuff is selected from one or more of the following:

eggs, egg-based products, including mayonnaise, salad dressings, sauces, ice cream,

egg powder, modified egg yolk and products made therefrom.

20

Preferably the foodstuff according to the present invention is a water containing

foodstuff. Suitably the foodstuff may be comprised of 10-98% water, suitably 14-

98%, suitably of 18-98% water, suitably of 20-98%, suitably of 40-98%, suitably of

50-98%, suitably of70-98%, suitably of75-98%.

25

For some aspects, preferably the foodstuff in accordance with the present invention is

not a pure plant derived oil, such as olive oil, sunflower oil, peanut oil, rapeseed oil for

instance. For the avoidance of doubt, in some aspects of the present invention the

foodstuff according to the present invention may comprise an oil, but preferably the

30 foodstuff is not primarily composed of oil or mixtures of oil. For some aspects,

preferably the foodstuff comprises less than 95% lipids, preferably less than 90%

lipids, preferably less than 85%, preferably less than 80% lipids. Thus, for some
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aspects of the present invention oil may be a component of the foodstuff, but

preferably the foodstuffis not a oilper se.

.
The claims of the present invention are to be construed to include each of the

5 foodstuffs listed above. «

When it is the case that a carbohydrate ester is produced in accordance with the present

. invention, the carbohydrate ester is preferably an oligosaccharide ester, a

monosaccharide ester or a disaccharide ester.

10

Suitably, the carbohydrate ester when produced in accordance with the present

invention may be one or more of the following: glucose ester, fructose ester,

anbydrofructose ester, maltose ester, lactose ester, galactose ester, xylose ester,

. xylooligosaccharide ester, arabinose ester, maltooligosaccharide ester, tagatose ester or

15 sucrose ester.

Preferably, the carbohydrate ester when produced in accordance with the present

invention is one or more of the following: a carbohydrate mono-ester, a sugar mono-

ester, an oligosaccharide mono-ester, a trisaccharide mono-ester, a disaccharide mono-

20 ester, a monosaccharide mono-ester, a glucose mono-ester, a fructose mono-ester,

anhydrofructose mono-ester, maltose mono-ester, lactose mono-ester, galactose mono-

-ester, xylose mono-ester, xylooligosacchride mono-ester, arabinose mono-ester,

maltooligosaccharide mono-ester, tagatose mono-ester or sucrose mono-ester.

25 Preferably, the formation of the carbohydrate ester (if any) in accordance with the

present invention is independent ofUDP-glucose.

Preferably, the foodstuff according to the present invention does not comprise UDP-

glucose, or only comprises UDP-glucose in insignificant amounts.

30

Suitably, the emulsifier in accordance with the present invention may be for example

one or more of the following: a diglyceride, a monoglyceride, such as 1-
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monoglyceride or a lysophosphatidylcholine. The emulsifier is preferably produced

from the Kpid acyl donor following removal ofone or more acyl groups from said lipid

acyl donor. The term lysophosphatidylcholine as used herein is synonymous with the

torn lysolecithin and these terms may be used herein interchangeably.

5

The lipase and acyitransferase activity of an enzyme may be evaluated using the

following assays. In this way, a lipiisterol acyitransferase having the enzyme

characteristics defined herein may be obtained/identified.

10 Lipase assay based on tributyrin as substrate (LIPU): Lipase activity based on

tributyrin may be measured according to Food Chemical Codex, Forth Edition,

National Academy Press, 1996, p 803, with the modification that the sample is

dissolved in deionized water instead of glycine buffer, and the pH stat set point is 5.5

instead of 7. 1 LIPU is defined as the quantity of enzyme which can liberate 1 pmol

15 butyric add per minute under assay conditions.

Lipidrsterol acyitransferase assay for the determination of a lipidrsterol acyitransferase

unit, LATU(St): lipid acyl transferase activity is defined as the amount of jimol sterol

ester formed per minute from lecithin as donor and cholesterol as acceptor molecule

20 under assay conditions using the following procedure: Substrate: 0.6% Avanti

phospholipid (95% PC) and 0.4 % cholesterol are dispersed in 0.05M HEPES buffer

pH 7 and 5 mM CaCfe and heated to 40°C. The mixture is homogenized on a Tuuax

mixer for 10 seconds. 1 ml substrate is thennostated to 30 °C for 5 minutes. 100 of

enzyme solution is added. After 10 minutes the reaction is stopped by adding 0.1 ml

25 1M HCL The lipid components are extracted into an organic phase by adding 1 ml

CHCl3:CH3OH 2:1. 500 of the organic phase is transferred to a 10 ml flask and

evaporated at 60°C in a stream ofnitrogen. The amount of cholesterol ester formed is

determined by GLC analyses, using cholesterol oleate (>95%) as standard.

30 Preferably the method and/or use according to the present invention may be carried out

in foodstuff at a temperature of 15-60°C, preferably at a temperature of20-60°C. For

some aspects, for example in dough, preferably the temperature of the food during
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which the acyltransferase reaction takes place is between 20 and For other

aspects, for example with regard to dairy products, such as cheese, the temperature of

the food may suitably be between 30°C and 60°C. In yet other aspects, for example

with regard to mayonnaise, the temperature of the food may suitably be between 20

5 and 40°C, more preferably between 25 and 30°C.
J

Preferably, the emulsifier produced according to the present invention comprises less

than 5 wt% ofthe foodstuff

10 Preferably, the emulsifier produced according to the present invention comprises from

0.01 to 4 wt% ofthe foodstuff

Preferably, die emulsifier produced according to the present invention comprises from

0.01 to 2 wt% ofthe foodstuff!

15

Preferably, the emulsifier produced according to the present invention comprises from

0.01 to 1 wt% ofthe foodstuff!

Preferably, the emulsifier produced according to the present invention comprises from

20 0.01 to 0.5 wt% ofthe foodstuff.

Preferably, the emulsifier produced according to the present invention comprises from

0.01 to 0,3 wt% ofthe foodstuff.

25 Suitably, the method according to the present invention includes inactivating or

denaturing the enzyme to provide a foodstuff comprising the enzyme in an inactive or

denatured form. Suitably the enzyme may be denatured by either baking or by

pasteurisation.

30 Preferably the enzyme according to die present invention is present in an inactive form

or in a denatured form in die foodstuff.
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The enzyme according to the present invention is preferably not immobilised, in

particular is not immobilised on a solid support

The enzyme according to the present invention may be used with one or more other

5 suitable food grade enzymes. Thus, it is within the scope ofthe present invention that,

in addition to the enzyme of the invention, at least one further enzyme is added to the

foodstuff! Such further enzymes include starch degrading enzymes such as enck> or

exoarnylases, pullulanases, dehranching enzymes, hexniceltulases including xylanases,

cellulases, oxidoreductases, e.g. glucose oxidase, lipases, phospholipases and hexose

10 oxidase, and proteases

The foodstuff according to the present invention may suitable comprise one or more of

the following additives:

soy protein material; carotenoids, flavenoids, antioxidant and phytochemical

15 (especially anthocyanonide, carotenoid, bioflavinoid, glutathione, catechin, isoflavone,

lycopene, gmsenoside, pycnogenol, alkaloid, pygeum phytosterol, sulphoraphone,

resveretol, grape seed extract or food containing stanol esters), vitamin (especially

vitamin C, vitamin A, vitamin B3, vitamin D, vitamin E, thiamine, riboflavin, niacin,

pyridoxine, cyanocobalamin, folic acid, biotin, pantothenic acid or vitamin K),

20 minerals (especially calcium, iodine, magnesium, zinc, iron, selenium, manganese,

chromium, copper, cobalt, molybdenum or phosphorus), fatty acid (especially gamma-

linoleic acid, ucospentaenoic acid or decosahexaenoic acid), oil (especially borage oil,

high carotenoid canola oil or flax seed oil), amino acid (especially tryptophan, lysine,

methionine, phenylalanine, threonine, valine, leucine, isoleucine, alanine, arginine,

25 aspartic acid, cystine, cysteine, glutamic acid, glutamine, glycine, histidine, proline,

hydroxyproline, serine, taurine or tyrosine), enzyme (especially bromelain, papain,

amylase, cellulase or coenzyme Q), lignin, stanol ester or friendly bacteria (especially

Lactobacillus acidophilus, Lactobacillus bulgaricus, Lactobacillus bifidus,

Lactobacillus plantarum or Streptococcus faecium), folic acid, and soluble fibre.

30

TECHNICAL EFFECT
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Surprisingly lipidisterol acyltransferases have significant acyltransferase activity in

foodstuffs. This activity has surprising beneficial applications in methods of

preparing foodstuffs.

5 The present invention may provide one or more ofthe following unexpected technical

effects in egg products, particularly mayonnaise: an improved heat stability during

pasteurisation; improved organoleptic properties.

The present invention may provide one or more ofthe following unexpected technical

10 effects in dough and/or baked products: an improved specific volume of either the

dough or the baked products (for example of bread and/or of cake); an improved

dough stability; an improved crust score (for example a thinner and/or crispier bread

crust), an improved crumb score (for example a more homogenous crumb distribution

and/or a finer crumb structure and/or a softer crumb); an improved appearance (for

15 example a smooth surface without blisters or holes or substantially without blisters or

holes); a reduced staling; an enhanced softness; an improved odour; an improved taste.

Suitably, the present invention may provide one or more of the following unexpected

technical effects in a foodstuff: an improved appearance, an improved mouthfeel, an

20 improved stability, an improved taste, an improved softness, an improved resilience,

an improved emulsificatiorL

Suitably, the present invention may provide one or more of the following unexpected

technical effects in dairy products, such as ice cream for example: an improved

25 mouthfeel (preferably a more creamy mouthfeel); an improved taste; an improved

meltdown.

Suitably, the present invention may provide one or more of the following unexpected

technical effects in egg or in egg products: improved stability of emulsion; thermal

30 stability of emulsion; improved flavour, reduced mal-odour, improved thickening

properties.
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Suitably, the present invention may provide one or more of the following unexpected

technical effects in cheese: a decrease in the oiling-off effect in cheese; an increase in

cheese yield; an improvement in flavour; a reduced mal-odour, a reduced "soapy"

taste.

5

. The improvements observed with lipid^terol acyltransferase according to the present

invention are in comparison to when lipolytic enzymes without acyltransferase

activity, such as triacylglycerol lipases and phospholipases, are used

10 ADVANTAGES

The generation of an emulsifier and a sterol/stanol ester in situ from at least one

constituent of the food material, means that the food material will contain at least one

less additive material This is advantageous because ofthe improvement in the ease of

IS production. For example, no further processing or addition of ingredients or addition

of emulsifiers may be required. Moreover, the foodstuffmay contain less "additives".

The reduction or elimination of "additives'
9
is desirable to consumers and inclusion of

additives often must be declared to the consumer in the ingredients listing on the

foodstuff Thus, the present invention is further advantageous.

20

An advantage of the present invention is the production in situ of an emulsifier in a

foodstuffwithout a detrimental increase in the free fatty acid content ofthe foodstuff

In addition, when the lipidrsterol acyltransferase acts on a glycolipid it is possible to

25 advantageously produce the emulsifier DGMG in situ without a detrimental increase in

the free fatty acid content of the foodstuff Thus, reducing detrimental effects

attributed to an increase in free fatty acids, including but not limited to a reduction in

"soapy" taste in cheese, prevention of overdosing in dough and dough baked

properties.

30

For some aspects, an advantage of the present invention is the reduction in free

cholesterol levels in the foodstuff
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For other aspect, an advantage of the present invention is the increase in stanol and/or

sterol esters in the foodstuff. Some sterol/stanol esters may be effective flavourants

and/or texturisers. Thus, the present invention may not only results in the ih situ

5 production of an emulsifier in a foodstuff, but also the in situ production of a

flavourant and/ox a textnriser. Some sterol/stanol esters are known to reduce blood

serum cholesterol and/or low density lipoproteins when consumed in a foodstuff. Thus,

the present invention may be used to prepare a foodstuffwith increased levels of sterol

esters and/or stanol esters.

10

For some aspects, particularly when the enzyme according to the present invention is

used in egg based products, an advantage is the removal of unwanted free

carbohydrates.

15 Also advantageously the emulsification properties of the foodstuff are enhanced,

leading to improved appearance and/or handling properties and/or structure without

negative impact on taste.

In addition, advantageously the effect of "overdosing** observed when using lipases

20 per se, is effectively overcome by the addition of an enzyme in accordance with die

present invention. This is due at least in part to the fact that free fatty acids are not

produced or only produced to an insignificant degree when using the enzyme

according to the present invention.

25 ISOLATED

In one aspect, preferably the polypeptide or protein for use in the present invention is

in an isolated form. The term "isolated" means that the sequence is at least

substantially free from at least one other component with which the sequence is

30 naturally associated in nature and as found in nature.

NZAS-0212200



34

PURIFIED 1

In one aspect, preferably the polypeptide or protein for use in the present invention is

in a purified form. Hie term "purified" means that the sequence is in a relatively pure

5 state - e.g. at least about 51% pure, or at least about 75%, or at least about 80%, or at

least about90% pure, or at least about 95% pure or at least about 98% pure.

CLONING A NUCLEOTIDE SEQUENCE ENCODING A POLYPEPTIDE

ACCORDINGTO THE PRESENT INVENTION

10 A nucleotide sequence encoding either a polypeptide which has the specific properties

as defined herein or a polypeptide which is suitable for modification may be isolated

from any cell or organism producing said polypeptide. Various methods are well

known within the ait for the isolation ofnucleotide sequences.

15 For example, a genomic DNA and/or cDNA library may be constructed using

chromosomal DNA or messenger RNA from the organism producing the polypeptide.

If the amino acid sequence of the polypeptide is known, labelled oligonucleotide

probes may be synthesised and used to identify polypeptide-encoding clones from the

genomic library prepared from the organism. Alternatively, a labelled oligonucleotide

20 probe containing sequences homologous to another known polypeptide gene could be

used to identify polypeptide-encoding clones. In the latter case, hybridisation and

washing conditions oflower stringency are used

Alternatively, polypeptide-encoding clones could be identified by inserting fragments

25 of genomic DNA into an expression vector, such as a plasmid, transforming enzyme-

negative bacteria with the resulting genomic DNA library, and then plating the

transformed bacteria onto agar containing an enzyme inhibited by the polypeptide,

thereby allowing clones expressing the polypeptide to be identified.

30 In a yet further alternative, the nucleotide sequence encoding the polypeptide may be

prepared synthetically by established standard methods, e.g. the phosphoroamidite
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method described by Beucage SX. et a! (1981) Tetrahedron Letters 22, p 1859-1869,

or the method described by Matthes et at (1984) EMBO J. 3, p 801-805. In the

phosphoroamidite method, oligonucleotides are synthesiser e.g. in an automatic DNA •

synthesiser, purified, annealed, ligated and cloned in appropriate vectors.

5

The nucleotide sequence may be of mixed genomic and synthetic origin, mixed

synthetic and cDNA origin, or mixed genomic and cDNA origin, prepared by Iigating

fragments of synthetic, genomic or cDNA origin (as appropriate) in accordance with

standard techniques. Each ligated fragment corresponds to various parts of the entire

10 nucleotide sequence. The DNA sequence may also be prepared by polymerase chain

reaction (PCR) using specific primers, for instance as described in US 4,683,202 or in

SaikiKKetal (Science (1988) 239, pp 487-491).

15 NUCLEOTIDE SEQUENCES

The present invention also encompasses nucleotide sequences encoding polypeptides

having the specific properties as defined herein. The term Nucleotide sequence" as used

herein refers to an oligonucleotide sequence or polynucleotide sequence, and variant,

20 homologies, fragments and derivatives thereof (such as portions thereof). The nucleotide

sequence may be of genomic or synthetic or recombinant origin, which may be double-

stranded or single-stranded whether representing the sense or antisense strand

The term "nucleotide sequence" in relation to the present invention includes genomic

25 DNA, cDNA, synthetic DNA, and RNA. Preferably it means DNA, more preferably

cDNA for the coding sequence.

In a preferred embodiment, the nucleotide sequenceper se encoding a polypeptide having

the specific properties as defined herein does not cover the native nucleotide sequence in

30 its natural environment when it is linked to its naturally associated sequences) that is/are

also in its/their natural environment For ease of reference, we shall call this preferred

embodiment the "non-native nucleotide sequence". In this regard, the term "native
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36 •
nucleotide sequence" means an entire nucleotide sequence that ts in its native

environment and when operatively linked to an entire promoter with which it is naturally

associated, which promoter is also in its native environment Thus* the polypeptide ofthe

present invention can be expressed by a nucleotide sequence in its native organism but

5 wherein the nucleotide sequence is not undo: the control ofthe promoter with which it is

naturally associated within that organism.

Preferably the polypeptide is not a native polypeptide. In this regard, the term "native

polypeptide" means an entire polypeptide that is in its native environment and when it has .

10 been expressed by its native nucleotide sequence.

Typically, the nucleotide sequence encoding polypeptides having the specific

properties as defined herein is prepared using recombinant DNA techniques (i.e.

recombinant DNA). However, in an alternative embodiment of the invention, the

15 nucleotide sequence could be synthesised, in whole or in part, using chemical methods

well known in the art (see CanrthersMH et al (1980) Nuc Acids Res Symp Ser 215-23

and Horn T et al (1980) Nuc Acids Res Symp Ser 225-232).

MOLECULAR EVOLUTION

20

Once an enzyme-encoding nucleotide sequence has been isolated, or a putative

enzyme-encoding nucleotide sequence has been identified, it may be desirable to

modify the selected nucleotide sequence, for example it may be desirable to mutate the

sequence in order to prepare an enzyme in accordance with the present invention.

25

Mutations may be introduced using synthetic oligonucleotides. These oligonucleotides

contain nucleotide sequences flanking the desired mutation sites.

A suitable method is disclosed in Morinaga et al (Biotechnology (1984) 2, p646-649).

30 Another method of introducing mutations into enzyme-encoding nucleotide sequences

is described inNelson and Long (Analytical Biochemistry (1989), 180, p 147-151).
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Instead of site directed mutagenesis, such as described above, one can introduce

mutations randomly for instance using a commercial kit such as the GeneMorph PCR

mutagenesis kit from Stralagene, or the Diversify PCR random mutagenesis kh from

Clontech,

5
;

A third method to obtain novel sequences is to fragment non-identical nucleotide

sequences, either by using any number of restriction enzymes or an enzyme such as

Dnase I, and reassembling full nucleotide sequences coding for functional proteins.

Alternatively one can use one or multiple non-identical nucleotide sequences and

10 introduce mutations during the reassembly ofthe full nucleotide sequence.

Thus, it is possible to produce numerous site directed or random mutations into a

nucleotide sequence, either in vivo or in vitro, and to subsequently screen for improved

functionality ofthe encoded polypeptide by various means.

15

As a non-limiting example, In addition, mutations or natural variants of a

polynucleotide sequence can be recombined with either the wfldtype or other

mutations or natural variants to produce new variants. Such new variants can also be

screened for improved functionality ofthe encoded polypeptide.

20

The application of the above-mentioned and similar molecular evolution methods

allows the identification and selection of variants of the enzymes of the present

invention which have preferred characteristics without any prior knowledge,of protein

structure or function, and allows the production of non-predictable but beneficial

25 mutations or variants. There are numerous examples of the application of molecular

evolution in the art for the optimisation or alteration of enzyme activity, such examples

include, but are not limited to one or more of the following: optimised expression

and/or activity in a host cell or in vitro, increased enzymatic activity, altered substrate

and/or product specificity, increased or decreased enzymatic or structural stability,

30 altered enzymatic activity/specificity in preferred environmental conditions, e.g.

temperature, pH, substrate
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AMINO ACID SEQUENCES

The present invention also encompasses amino add sequences ofpolypeptides having

the specific properties as defined herein.

5

As used herein, the term "amino acid sequence" is synonymous with the term

"polypeptide* and/or the term "protein" In some instances, the term "amino acid

sequence" is synonymous with the term "peptide"

10 The amino acid sequence may be prepared/isolated from a suitable source, or it may be

made synthetically or it may be prepared by use ofrecombinantDNA techniques.

Suitably, the amino acid sequences may be obtained from the isolated polypeptides

taught herein by standard techniques.

15

One suitable method for determining amino acid sequences from isolated polypeptides

is as follows:

Purified polypeptide may be freeze-dried and 100 jig of the freeze-dried material may

20 be dissolved in 50 \il of a mixture of 8 M urea and 0.4 M ammonium hydrogen

carbonate, pH 8.4. The dissolved protein may be denatured and reduced for 15 minutes

at 50°C following overlay with nitrogen and addition of 5 (il of 45 mM dithiothreitoL

After cooling to room temperature, 5 \il of 100 mM iodoacetamide may be added for

the cysteine residues to be derivatized for 15 minutes at room temperature in the dark

25 under nitrogen.

1 35 \i\ ofwater and 5 ng of endoproteinase Lys-C in 5 pi ofwater may be added to the

above reaction mixture and the digestion may be carried out at 37°C under nitrogen for

24 hours.

30

The resulting peptides may be separated by reverse phase HPLC on a VYDAC C18

column (0.46x15cm;lOjim; The Separation Group, California, USA) using solvent A:
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0.1% TFA in water and solvent B: 0.1%.TFA in acetonitrile. Selected peptides may be

re-chromatographed on a Develosil CIS column using the same solvent system, prior

to N-terminal sequencing. Sequencing may be done using an Applied Biosystems

476A sequencer using pulsed liquid fist cycles according to the manufacturer's

5 instructions (Applied Biosystems, California, USA): *

r

SEQUENCE IDENTITY OR SEQUENCEHOMOLOGY

10 The present invention also encompasses the use of sequences haying a degree of

sequence identity or sequence homology with amino acid sequence(s) ofa polypeptide

having die specific properties defined herein or of any nucleotide sequence encoding

such a polypeptide (hereinafter referred to as a "homologous sequence^)**)- Here, die

term "homologue" means an entity having a certain homology with the subject amino

IS acid sequences and the subject nucleotide sequences. Here, the term "homology" can

be equated with "identity".

The homologous amino acid sequence and/or nucleotide sequence should provide

and/or encode a polypeptide which retains die functional activity and/or enhances the

20 activity ofdie enzyme.

In the present context, a homologous sequence is taken to include an amino acid

sequence which may be at least 75, 85 or 90% identical, preferably at least 95 or 98%

identical to the subject sequence. Typically, the homologues will comprise the same

25 active sites etc. as the subject amino acid sequence. Although homology can also be

considered in terms of similarity (Le. amino acid residues having similar chemical

properties/functions), in the context of the present invention it is preferred to express

homology in terms ofsequence identity.

30 In the present context, a homologous sequence is taken to include a nucleotide

sequence which may be at least 75, 85 or 90% identical, preferably at least 95 or 98%

identical to a nucleotide sequence encoding a polypeptide ofthe present invention (the
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subject sequence). Typically, the homologies will comprise the same sequences that

code for the active sites etc. as the subject sequence. Although homology can also be

considered in terms of similarity (Le. amino acid residues having similar chemical

properties/fimctions), in the context of the present invention it is preferred to express

5 homology in terms of sequence identity.

Homology comparisons can be conducted by eye, or more usually, with the aid of

readily available sequence comparison programs. These commercially available

computer programs can calculate % homology between two or more sequences.

10

% homology may be calculated over contiguous sequences, Le. one sequence is

aligned with the other sequence and each amino add in one sequence is directly

compared with the corresponding amino acid in the other sequence, one residue at a

time. This is called an "ungapped" alignment Typically, such ungapped alignments

IS are performed only over a relatively short number ofresidues.

Although this is a very simple and consistent method, it fails to take into consideration

that, for example, in an otherwise identical pair of sequences, one insertion or deletion

will cause the following amino acid residues to be put out of alignment, thus

20 potentially resulting in a large reduction in % homology when a global alignment is

performed. Consequently, most sequence comparison methods are designed to

produce optimal alignments that take into consideration possible insertions and

deletions without penalising unduly the overall homology score. This is achieved by

inserting "gaps" in the sequence alignment to try to maximise local homology.

25

However, these more complex methods assign "gap penalties" to each gap that occurs

in the alignment so that, for the same number of identical amino acids, a sequence

alignment with as few gaps as possible - reflecting higher relatedness between the two

compared sequences - will achieve a higher score than one with many gaps. "Affine

30 gap costs" are typically used that charge a relatively high cost for the existence of a

gap and a smaller penalty for each subsequent residue in the gap. This is the most

commonly used gap scoring system. High gap penalties will of course produce

NZAS-0212207



41

optimised alignments with fewer gaps. Most alignment programs' allow the gap

penalties to be modified. However, h is preferred to use the default values when using

such software for sequence comparisons. For example when using the GCG

Wisconsin Bestfit package the default gap penalty for amino acid sequences is -12 for

5 a gap and -4 for each extension. i

i

Calculation of maximum % homology therefore firstly requires the production of an

optimal alignment, taking into consideration gap penalties. A suitable computer

program for carrying out such an alignment is the GCG Wisconsin Bestfit package

10 (Devereuxe/a/ 1984Nuc. Acids Research 12 p387). Examples ofother software that

can perform sequence comparisons include, but are not limited to, the BLAST package

(see Ausubel et al 1999 Short Protocols in Molecular Biology, 4th Ed - Chapter 18),

FASTA (Ahschul et al 1990 J. Mol. Biol. 403-410) and the GENEWORKS suite of

comparison tools. Both BLAST and FASTA are available for offline and online

15 searching (see Ausubel et al 1999, pages 7-58 to 7-60). However, for some

applications, it is preferred to use the GCG Bestfit program. A new tool, called

BLAST 2 Sequences is also available for comparing protein and nucleotide sequence

(see FEMS Microbiol Lett 1999 174(2): 247-50; FEMS Microbiol Lett 1999 177(1):

187*8 and tatiana@ncbi.nlm.nih.gov).

20

Although the final % homology can be measured in terms of identity, the alignment

process itself is typically not based on an all-or-nothing pair comparison. Instead, a

scaled similarity score matrix is generally used that assigns scores to each pairwise

comparison based on chemical similarity or evolutionary distance. An example of

25 such a matrix commonly used is the BLOSUM62 matrix - die default matrix for the

BLAST suite of programs. GCG Wisconsin programs generally use either the public

default values or a custom symbol comparison table if supplied (see user manual for

further details). For some applications, it is preferred to use the public default values

for the GCG package, or in the case of other software, the default matrix, such as

30 BLOSUM6Z
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Alternatively, percentage homologies may be calculated using the multiple alignment

feature in DNASIS™ (Hitachi Software), based on an algorithm, analogous to

CLUSTAL (Higgins DG & SharpPM (1988), Gene 73(1), 237-244).

5 Once the software has produced an optimal alignment, it is possible to calculate %
homology, preferably % sequence identity. The software typically does this as part of

the sequence comparison and generates a numerical result

The sequences may also have deletions, insertions or substitutions of amino acid

10 residues which produce a silent change and result in a functionally equivalent

substance. Deliberate amino acid substitutions may be made on die basis of similarity

in polarity, charge, solubility, hydrophobicity, hydrophilicity, and/or the amphipathic

nature of the residues as long as the secondary binding activity of the substance is

retained. For example, negatively charged amino acids include aspartic acid and

IS glutamic acid; positively charged amino acids include lysine and arginine; and amino

acids with uncharged polar head groups having similar hydrophilicity values include

leucine, isoleucine, valine, glycine, alanine, asparagine, glutamine, serine, threonine,

phenylalanine, and tyrosine.

20 Conservative substitutions may be made, for example according to the Table below.

Amino adds in the same block in the second column and preferably in the same line in

the third column may be substituted for each other

ALIPHATIC Non-polar GAP
ILV

Polar— uncharged CSTM
NQ

Polar-charged DE
KR

AROMATIC HFWY
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The present invention also encompasses homologous substitution (substitution and

replacement are both used herein to mean the interchange of an existing flnrinn acid

residue, with an alternative residue) that may occur Le. like-for-like substitution such

5 as basic for basic, acidic for acidic, polar for polar etc Non-homologous substitution

may also occur Le. from one class ofresidue to another or alternatively involving the

inclusion of unnatural amino acids such as ornithine (hereinafter referred to as Z),

diaminobutyric acid ornithine (hereinafter referred to as B), norleucine ornithine

(hereinafter referred to as O), pyriylalanine, thienylalanine, naphthylalanine and

10 phenylglycine.

Replacements may also be made by unnatural amino acids.

Variant amino acid sequences may include suitable spacer groups that may be inserted

15 between any two amino acid residues of the sequence including alkyl groups such as

methyl, ethyl or propyl groups in addition to amino acid spacers such as glycine or f)~

alanine residues* A further form of variation, involves the presence of one or more

amino acid residues in peptoid form, will be well understood by those skilled in the art

For the avoidance of doubt, "the peptoid form" is used to refer to variant amino acid

20 residues wherein the a-carbon substituent group is on the residue's nitrogen atom

rather than the a-carbon. Processes for preparing peptides in the peptoid form are

known in the art, for example Simon RJ et al., PNAS (1992) 89(20), 9367-9371 and

Horwell DC, Trends Biotechnol. (1995) 13(4), 132-134.

25 Nucleotide sequences for use in the present invention or encoding a polypeptide

having the specific properties defined herein may include within them synthetic or

modified nucleotides. A number of different types of modification to oligonucleotides

are known in the art These include methylphosphonate and phosphorothioate

backbones and/or the addition of acridine or polylysine chains at the 3' and/or 5' ends

30 of the molecule. For die purposes of the present invention, it is to be understood that

the nucleotide sequences described herein may be modified by any method available in
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the art Such modifications may be carried out in order to enhance the in vivo activity

or life span ofnucleotide sequences.

The present invention also encompasses the use of nucleotide sequences that are

5 complementary to the sequences discussed herein, of any derivative, fragment or

derivative thereof if the sequence is complementary to a fragment thereof then that

sequence can be used as a probe to identify similar coding sequences in other

organisms eta

10 Polynucleotides which are not 100% homologous to the sequences of the present

invention but fall within the scope ofthe invention can be obtained in a number ofways.

Other variants ofthe sequences described herein may be obtained for example by probing

DNA libraries made from a range of individuals, for example individuals from different

populations. In addition, other viral/bacterial, or cellular homologues particularly cellular

15 homologues found in mammalian cells (e.g. rat, mouse, bovine and primate cells), may

be obtained and such homologues and fragments thereof in general will be capable of

selectively hybridising to the sequences shown in the. sequence listing herein. Such

sequences may be obtained by probing cDNA libraries made from or genomic DNA

libraries from other animal species, and probing such libraries with probes comprising all

20 or part of any one of the sequences in the attached sequence listings under conditions of

medium to high stringency. Similar considerations apply to obtaining species

homologues and allelic variants of the polypeptide or nucleotide sequences of the

invention.

25 Variants and strain/species homologues may also be obtained using degenerate PGR

which will use primers designed to target sequences within the variants and homologues

encoding conserved amino acid sequences within the sequences ofthe present invention.

Conserved sequences can be predicted, for example, by aligning the amino acid

sequences from several variants/homologues. Sequence alignments can be performed

30 using computer software known in the art For example the GCG Wisconsin PileUp

program is widely used.
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The primers used in degenerate PCR will contain one or more degenerate positions and

will be used at stringency conditions lower than those used for cloning sequences with:

single sequence primers againstknown sequences.

5 Alternatively, such polynucleotides may be obtained by site directed mutagenesis of

characterised sequences. This may be useful where for example silent codon sequence

changes are required to optimise codon preferences for a particular host cell in which the

polynucleotide sequences are being expressed Other sequence changes may be desired

in order to introduce restriction polypeptide recognition sites, or to alter the property or

10 function ofthe polypeptides encoded by the polynucleotides.

Polynucleotides (nucleotide sequences) ofthe inventionmay be used to produce a primer,

e,g, a PCR primer, a primer for an alternative amplification reaction, a probe e.g. labelled

with a revealing label by conventional means using radioactive or non-radioactive labels,

15 cor file polynucleotides may be cloned into vectors. Such primers, probes and other

fragments will be at least 15, preferably at least 20, for example at least 25, 30 or 40

nucleotides in length, and are also encompassed by fee term polynucleotides of the

invention as used herein.

20 Polynucleotides such asDNA polynucleotides and probes according to fee invention may

be produced recombinantly, synthetically, or by any means available to those of skill in

the art They may also be clonedby standard techniques.

In general, primers will be produced by synthetic means, involving a stepwise

25 manufacture of the desired nucleic acid sequence one nucleotide at a time. Techniques

for accomplishing this using automated techniques are readily available in the art

Longer polynucleotides will generally be produced using recombinant means, for

example using a PCR (polymerase chain reaction) clearing techniques. This will involve

30 making a pair ofprimers (e.g. ofabout 15 to 30 nucleotides) flanking a region ofthe lipid

targeting sequence which it is desired to clone, bringing the primers' into contact with

mRNA or cDNA obtained from an animal or human cell, performing a polymerase chain
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reaction under conditions which bring about amplification ofthe desired region, isolating

the amplified fragment (e.g. by purifying the reaction mixture on an agarose gel) and

recovering the amplified DNA. The primers may be designed to contain suitable

restriction enzyme recognition sites so that the amplified DNA can be cloned into a

S suitable cloning vector. .

HYBRIDISATION

The present invention also encompasses sequences that are complementary to the

sequences of the present invention or sequences that are capable of hybridising either

10 to the sequences of the present invention or to sequences that are complementary

thereto.

The torn "hybridisation" as used herein shall include *the process by which a strand of

nucleic acid joins with a complementary strand through base pairing" as well as the

15 process of amplification as carried out in polymerase chain reaction (PCR)

technologies.

The present invention also encompasses the use of nucleotide sequences that are

capable of hybridising to the sequences that are complementary to the subject

20 sequences discussed herein, or any derivative, fragment or derivative thereof.

Hie present invention also encompasses sequences that are complementary to

sequences that are capable ofhybridising to the nucleotide sequences discussed herein.

25 Hybridisation conditions are based on the melting temperature (Tm) of die nucleotide

binding complex, as taught in Berger and Kimmel (1987, Guide to Molecular Cloning

Techniques, Methods in Enzymology, Vol. 152, Academic Press, San Diego CA), and .

confer a defined "stringency" as explained below.

30 Maximum stringency typically occurs at about Tm-5°C (5°C below the Tm of the

probe); high stringency at about 5°C to 10°C below Tm; intermediate stringency at
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about 10°C to 20°C below Tm; and low stringency at about 20°C to 25°C below Tm.

As will be understood by those of skill in the art, a maximum stringency hybridisation

can be used to identify or detect identical nucleotide sequences while an intermediate

(or low) stringency hybridisation can be used to identify or detect similar or related

5 polynucleotide sequences.

Preferably, the present invention encompasses sequences that are complementary to

sequences that are capable of hybridising under high stringency conditions or

intermediate stringency conditions to nucleotide sequences encoding polypeptides

10 having the specific properties as defined herein.

More preferably, the present invention encompasses sequences that are complementary

to sequences that are capable of hybridising under high stringent conditions (e.g. 65°C

and O.lxSSC {lxSSC = 0.15 M NaCl, 0.015 M Na-citrate pH 7.0}) to nucleotide

15 sequences encoding polypeptides having the specific properties as defined herein.

The present invention also relates to nucleotide sequences that can hybridise to the

nucleotide sequences discussed herein (including complementary sequences of those

discussed herein).

20

The present invention also relates to nucleotide sequences that are complementary to

sequences that can hybridise to the nucleotide sequences discussed herein (including

complementary sequences ofthose discussed herein).

25 Also included within the scope of Ate present invention are polynucleotide sequences

that are capable of hybridising to the nucleotide sequences discussed herein under

conditions ofintermediate to maximal stringency.

In a preferred aspect, the present invention covers nucleotide sequences that can

30 hybridise to the nucleotide sequences discussed herein, or the complement thereof

under stringent conditions (e.g. 50°C and 0.2xSSC).
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Id a more preferred aspect, the present invention Covers nucleotide sequences that can

hybridise to the nucleotide sequences discussed herein, or the complement thereof

under high stringent conditions (e.g. 65°C and O.lxSSC).

5 EXPRESSION OF POLYPEPTIDES
i

A nucleotide sequence for use in the present invention or for encoding a polypeptide

having the specificproperties as defined herein can be incorporated into a recombinant

replicable vector. The vector may be used to replicate and express the nucleotide

10 sequence, in polypeptide form, in and/or from a compatible host celL Expression may

be controlled using control sequences which include promoters/enhancers and other

expression regulation signals. Prokaryotic promoters and promoters functional in

eukaryotic cells may be used Tissue specific or stimuli specific promoters may be

used. Chimeric promoters may also be used comprising sequence elements from two

15 or more different promoters described above.

The polypeptide produced by a host recombinant cell by expression of the nucleotide

sequence may be secreted or may be contained intracellular^ depending on the

sequence and/or the vector used. The coding sequences can be designed with signal

20 sequences which direct secretion of the substance coding sequences through a

particular prokaryotic or eukaryotic cell membrane.

EXPRESSIONVECTOR

25 The term n
expression vector" means a construct capable of in vivo or in vitro expression.

Preferably, the expression vector is incorporated in the genome ofthe organism. The term

"incorporated" preferably covers stable incorporation into the genome.

30 The nucleotide sequence of the present invention or coding for a polypeptide having

the specific properties as defined herein may be present in a vector, in which the
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nucleotide sequence is operably linked to regulatory sequences such that the regulatory

sequences are capable of providing the expression of the nucleotide sequence by a

suitable host organism, Le. the vector is an expression vector.

5 The vectors of the present invention may be transformed into a suitable host cell as

described below to provide for expression of a polypeptide having the specific

properties as defined herein.

The choice ofvector, e.g. plasmid, cosmid, virus or phage vector, will often depend on

10 the host cell into which it is to be introduced

The vectors may contain one or more selectable marker genes - such as a gene which

confers antibiotic resistance e.g. ampicillin, kanamycin, chloramphenicol or tetracyclin

resistance. Alternatively, the selection may be accomplished by co-transformation (as

15 described in W091/17243).

Vectors may be used in vitro, for example for the production of RNA or used to

transfect or transform a host cell.

20 Thus, in a further embodiment, the invention provides a method ofmaking nucleotide

sequences of the present invention or nucleotide sequences encoding polypeptides

having the specific properties as defined herein by introducing a nucleotide sequence

.
into a replicable vector, introducing the vector into a compatible host cell, and growing

the host cell under conditions which bring about replication ofthe vector.

25

The vector may further comprise a nucleotide sequence enabling the vector to replicate

in fee host cell in question. Examples of such sequences are the origins of replication

ofplasmids pUC19, pACYC177, pUBl 10, pE194, pAMBl and pD702.

30
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REGULATORY SEQUENCES

In some applications, a nucleotide sequence for use in the present invention or a

nucleotide sequence encoding a polypeptide having the specific properties as defined

5 hereinmay be operably linked to a regulatory sequence which is capable ofproviding

for the expression of the nucleotide sequence, such as by the chosen host ceiL Byway

of example, the present invention covers a vector comprising the nucleotide sequence

ofthe present invention operably linked to such a regulatory sequence, Le. the vector is

an expression vector.

10

He term "operably linked" refers to ajuxtaposition wherein the components described

are in a relationship permitting them to function in their intended manner. A
regulatory sequence "operably linked" to a coding sequence is ligated in .such a way

that expression of the coding sequence is achieved under conditions compatible with

IS the control sequences.

The term "regulatory sequences" includes promoters and enhancers and other

expression regulation signals.

20 The term "promoter" is used in die normal sense of the art, e.g. an RNA polymerase

binding site.

Enhanced expression of the nucleotide sequence encoding the enzyme having the

specific properties as defined herein may also be achieved by the selection of

25 heterologous regulatory regions, e.g. promoter, secretion leader and terminator

regions.

Preferably, the nucleotide sequence ofthe present invention may be operably linked to at

least a promoter.

30

Examples of suitable promoters for directing the transcription of the nucleotide

sequence in abacterial, fungal or yeast host are well known in the art.
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CONSTRUCTS !

The term "construct" - which is synonymous with terms such as "conjugate", "cassette"

and "hybrid" - includes a nucleotide sequence encoding a polypeptide having the specific

5 properties as defined herein for use according to the present invention directly or

indirectly attached to a promoter. An example of an indirect attachment is the provision

ofa suitable spacer group such as an intron sequence, such as the Shi-intron or the ADH
intron, intermediate the promoter and the nucleotide sequence of the present invention.

The same is true for the term "fused" in relation to the present invention which includes

10 direct or indirect attachment In some cases, the terns do not cover the natural

combination ofthe nucleotide sequence coding for the protein ordinarily associated with

the wild type gene promoter and when they are both in their natural environment

The construct may even contain or express a marker which allows for the selection ofthe

15 genetic construct

For some applications, preferably the construct comprises at least a nucleotide

sequence of the present invention or a nucleotide sequence encoding a polypeptide

having the specific properties as defined herein operably linked to a promoter.

20

HOST CELLS

The term "host cell" - in relation to the present invention includes any cell that

comprises either a nucleotide sequence encoding a polypeptide having the specific

25 properties as defined herein or an expression vector as described above and which is

used in the recombinant production of a polypeptide having the specific properties as

defined herein.

Thus, a further embodiment ofthe present invention provides host cells transformed or

30 transfected with a nucleotide sequence of the present invention or a nucleotide

sequence that expresses a polypeptide having the specific properties as defined herein.

The cells will be chosen to be compatible with the said vector and may for example be
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prokaryotic (for example bacterial), fungal, yeast or plant cells. Preferably, the host

cells are not human cells.

Examples of suitable bacterial host organisms are gram negative bacterium or gram

5 positive bacteria.

Depending on the nature ofthe nucleotide sequence encoding a polypeptide having the

specific properties as defined herein; and/or the desirability for further processing of

the expressed protein, eukaryotic hosts such as yeasts or other fungi may be preferred.

10 In general, yeast cells are preferred over fungal cells because they are easier to

manipulate. However, some proteins are either poorly secreted from the yeast cell, or

in some cases are not processed properly (e.g. hyperglycosylation in yeast). In these

instances, a different fungal host organism should be selected.

15 The use of suitable host cells, such as yeast, fungal and plant host cells - may provide

for post-translational modifications (e.g. myristoylation, glycosylation, truncation,

lapidation and tyrosine, serine or threonine phosphorylation) as may be needed to.

confer optimal biological activity on recombinant expression products of the present

invention.

20

The host cell may be a protease deficient or protease minus strain.

ORGANISM

25 The term "organism" in relation to the present invention includes any organism that

could comprise a nucleotide sequence according to the present invention or a

nucleotide sequence encoding for a polypeptide having the specific properties as

defined herein and/or products obtained therefrom.

30 Suitable organisms may include a prokaryote, fungus, yeast or a plant
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The term "transgenic organism" in relation to the present invention includes any

organism that comprises a nucleotide sequence coding for a polypeptide having the

specific properties as defined herein and/or the products obtained therefrom, and/or

wherein a promoter can allow expression of the nucleotide sequence coding for a

5 polypeptide having the specific properties as defined herein within the organism.

Preferably the nucleotide sequence is incorporated in the genome ofthe organism.

The term "transgenic organism" does not cover native nucleotide coding sequences in

their natural environment when they are under the control of their native promoter

10 which is also in its natural environment

Therefore, the transgenic organism of the present invention includes an organism

comprising any one of, or combinations of, a nucleotide sequence coding for a

polypeptide having the specific properties as defined herein, constructs as defined

IS herein, vectors as defined herein, plasmids as defined herein, cells as defined herein, or

the products thereof. For example the transgenic organism can also comprise a

nucleotide sequence coding for a polypeptide having the specific properties as defined

herein under the control ofa heterologous promoter.

20 TRANSFORMATION OF HOST CELLS/ORGANISM

As indicated earlier, the host organism can be a prokaryotic or a eukaryotic organism.

Examples of suitable prokaryotic hosts includeK coli and Bacillus subtilis.

25 Teachings on the transformation ofprokaryotic hosts is well documented in the art, for

example see Sambrook et al (Molecular Cloning: A Laboratory Manual, 2nd edition,

1989, Cold Spring Harbor Laboratory Press). If a prokaryotic host is used then the

nucleotide sequence may need to be suitably modified before transformation - such as

by removal ofintrons.

30

In another embodiment the transgenic organism can be a yeast.
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Filamentous fungi cells may be transformed rising various methods known in the art-

such as a process involving protoplast formation and transformation of the protoplasts

followed by regeneration of the cell wall in a manner known. The use ofAspergillus

as a host microorganism is described in EP 0 238 023.

5

Another host organism can be a plant A review of the general techniques used for

transforming plants may be found in articles by Potzykus (Armu Rev Plant Physiol

Plant Mol Biol [1991] 42:205-225) and Christou (Agro-Food-Industry Hi-Tech

March/April 1994 17-27). Further teachings on plant transformation may be found in

10 EP-A-0449375.

General teachings on the transformation of fungi, yeasts and plants are presented in

following sections.

15 TRANSFORMED FUNGUS

A host organism may be a fungus - such as a filamentous fungus. Examples of suitable

such hosts include any member belonging to the genera Thermomyces, Acremonium,

Aspergillus, PenicQIium, Mucor, Neurospora, Trichoderma and the like.

20

Teachings on transforming filamentous fungi are reviewed in US-A-5741665 which

states that standard techniques for transformation of filamentous fungi and cuhuring

the fungi are well known in the art An extensive review oftechniques as applied to N.

crassa is found, for example in Davis and de Series, Methods Enzymol (1971) 17A:

25 79-143.

Further teachings on transforming filamentous fungi are reviewed in US-A-5674707.

In one aspect, the host organism can be of the genus Aspergillus, such as Aspergillus

30 rtiger.
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A transgenic Aspergillus according to the present invention can also be prepared by

following, for example, the teachings of Turns* G. 1994 (Vectors for genetic

manipulation. In: Martinelli SIX, Kinghom JJL( Editors) Aspergillus: 50 years on.

Progress in industrial microbiology vol 29. Elsevier Amsterdam 1994. pp. 641-666).

5

Gene expression in filamentous fungi has been reviewed in Punt et al. (2002) Trends

Biotechnol 2002 May;20(5):200-6, Archer & Peberdy Crit Rev Biotechnol (1997)

17(4)273-306.

10 TRANSFORMED YEAST

In another embodiment, the transgenic organism can be a yeast

A review ofthe principles of heterologous gene expression in yeast arc provided in, for

15 example, Methods Mol Biol (1995), 49:341-54, and Curr Opin Biotechnol (1997)

Oct;8(5):554-60

In this regard, yeast — such as the species Saccharomyces cerevisi or Pichia pastoris (see

FEMS Microbiol Rev (2000 24(l):45-66), may be used as a vehicle for heterologous

20 gene expression.

A review ofthe principles ofheterologous gene expression in Saccharomyces cerevisiae

and secretion of gene products is given by E Hinchcliffe E Kenny (1993, "Yeast as a

vehicle for die expression of heterologous genes", Yeasts, Vol 5, Anthony H Rose and

25 J Stuart Harrison, eds, 2nd edition, Academic Press Ltd.).

For the transformation of yeast, several transformation protocols have been developed.

For example, a transgenic Saccharomyces according to the present invention can be

prepared by following the teachings ofHinnen et aL, (1978, Proceedings ofthe National

30 Academy of Sciences of the USA 75, 1929); Beggs, J D (1978, Nature, London, 275,

104); and Ito, Hetal (1983, J Bacteriology 153, 163*168).
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The transformed yeast cells may be selected using various selective markers - such as

auxotrophic markers dominant antibiotic resistance markers,

TRANSFORMED PLANTS/PLANT CELLS
5

A host organism suitable fox the present invention may be a plant A review of the

general techniques may be found in articles by Potrykus {Anna Rev Plant Physiol Plant

Mol Biol [1991] 42205-225) and Christou (Agro-Food-Industry IB-Tech March/April

1994 17-27).

10

SECRETION

Often, it is desirable for the polypeptide to be secreted from the expression host into

the culture medium from where the enzyme may be more easily recovered. According

15 to the present invention, the secretion leader sequence may be selected on the basis of

the desired expression host. Hybrid signal sequences may also be used with the

context ofthe present invention.

Typical examples of heterologous secretion leader sequences are those originating

20 from the fungal amyloglucosidase (AG) gene (glaA - both 18 and 24 amino acid

versions e.g. from Aspergillus), the a-fector gene (yeasts e.g. SaccharoTnyces,

Kluyveromyces and Hansenula) or the ot-amylase gene (Bacillus).

DETECTION

25

A variety of protocols for detecting and measuring the expression of the amino add

sequence are known in the art Examples include enzyme-linked immunosorbent

assay (ELISA), radioimmunoassay (RIA) and fluorescent activated cell sorting

(FACS).

30

A wide variety of labels and conjugation techniques are known by those skilled in the

art and can be used in various nucleic and amino acid assays.
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A number of companies such as Pharmacia Biotech (Piscataway, NJ)» Fromega

(Madison, WI), and US Biochemical Corp (Cleveland, OH) supply commercial khs

and protocols for these procedures.

5

Suitable reporter molecules ox labels include those radionuclides, enzymes,

fluorescent, chemiluminescent, or chromogenic agents as well as substrates, cofectors,

inhibitors, magnetic particles and the like. Patents teaching the use of such labels

include US-A-3,817,837; US-A-3,850,752; US-A-3,939,350; US-A-3,996,345; US-A-

10 4,277,437; US-A-4,275,149 and US-A-4,366,241.

Also, recombinant immunoglobulins may be produced as shown in US-A-4,816,567.

FUSION PROTEINS

15

A polypeptide having the specific properties as defined herein may be produced as a

fusion protein, for example to aid in extraction and purification thereof. Examples of

fusion protein partners include glutathione-S-transferase (GST), 6xHis, GAL4 (DNA

binding and/or transcriptional activation domains) and P-galactosidase. It may also be

20 convenient to include a proteolytic cleavage site between the fusion protein partner

and die protein sequence of interest to allow removal of fusion protein sequences.

Preferably the fusion protein will not binder the activity ofthe protein sequence.

Gene fusion expression systems in K coli have been reviewed in Curr. Opin.

25 BiotechnoL(1995)6(5):501-6.

In another embodiment of the invention, the amino acid sequence of a polypeptide

having the specific properties as defined herein may be ligated to a heterologous

sequence to encode a fusion protein. For example, for screening ofpeptide libraries for

30 agents capable of affecting the substance activity, it may be useful to encode a

chimeric substance expressing a heterologous epitope that is recognised by a

commercially available antibody.
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The invention will now be described, by way of example only, with reference to the

following Figures and Examples.

5 Figure 1 shows a pfam00657.6 consensus sequence (SEQ ID No. 1); ;

t

Figure 2 shows an amino acid sequence (SEQ ID No. 2) obtained from the organism

Aeromonas hydrophilcc,

10 Figure 3 shows an amino acid sequence (SEQ ID No. 3) obtained from the organism

Aeromonas salmonicida;

Figure 4 shows an amino acid sequence (SEQ ID No. 4) obtained from the organism

Streptomyces coelicolor A3(2) (Genbank accession numberNP_63 1558);

15

Figure 5 shows an amino acid sequence (SEQ ID No. 5) obtained from the organism

Streptomyces coelicolor A3(2) (Genbank accession number. CAC42140);

Figure 6 shows an amino acid sequence (SEQ ID No. 6) obtained from die organism

20 Saccharomyces cerevisiae (Genbank accession number P41734);

Figure 7 shows an alignment of selected sequences to pfam00657.6 consensus

sequence;

25 Figure 8 shows a pairwise alignment of SEQ ID No. 3 with SEQ ID No. 2 showing

93% amino acid sequence identity. The signal sequence is underlined. + denotes

differences. The GDSX motif containing the active site serine 16, and the active sites

aspartic acid 116 and histidine 291 are highlighted (see shaded regions). Numbers after

the amino acid is minus the signal sequence;

30
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Figure 9 shows a nucleotide sequence (SEQ ID No. 7) encoding a lipid:sterol acyl

transferase according to the present invention obtained from die organism Aeromonas

hydrophila;

5 Figure 10 shows a nucleotide sequence (SEQ ID No. 8) encoding a lipid:sterol acyl

transferase according to the present invention obtained from die organism Aeromonas

salmonicida;

Figure 11 shows a nucleotide sequence (SEQ ID No. 9) encoding a lipidisterol acyl

10 transferase according to the present invention obtained from the organism

Streptomyces coelicolor A3(2) (Genbank accession number

NC_003888.1:8327480..8328367);

Figure 12 shows a nucleotide sequence (SEQ ID No. 10) encoding a lipidisterol acyl

15 transferase according to the present invention obtained from die organism

Streptomyces coelicolor A3(2) (Genbank accession number

AL939131.1:265480„266367);

Figure 13 shows a nucleotide sequence (SEQ ID No. 11) encoding a Hpidrsterol acyl

20 transferase according to the present invention obtained from the organism

Saccharomyces cerevisiae (Genbank accession number Z75034);

Figure 14 shows an amino acid sequence (SEQ ID No. 12) obtained from the organism

Jtalstoma (Genbank accession number AL6460S2);

25

Figure 15 shows a nucleotide sequence (SEQ ID No. 13) encoding a lipidisterol acyl

transferase according to the present invention obtained from the organism Ralstonia;

and

30 Figure 16 shows that hoznologues of die Aeromonas genes can be identified using the

basic local alignment search tool service at the National Center for Biotechnology

Information, NIH, MD, USA and the completed genome databases. The GDSX motif
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was used in the database search and a number of sequences/genes potentially encoding

enzymes with lipolytic activity were identified Genes were identified from the genus

Streptomyces, Xanthomonas and Ralstonia. As an example below, the Ralstonia

solanacearum was aligned to the Aeromonas salmonicida (satA) gene. Pairwise

5 ahgnment showed 23% identity. The active site serine is present at the amino terminus

and the catalytic residues histidine and aspartic acid can be identified,
*

EXAMPLES

10 EXAMPLE 1: Use of lipid:sterol acyltransferase for mayonnaise production.

The lecithin content of egg yolk is an important emulsifier for the production of

mayonnaise with the limitation that the mayonnaise is not heat stable. It has therefore

been known for several years to use a phospholipase from pancreas to modify lecithin

15 in egg yolk to lysolecithin, which is a more efficient emulsifier. The use of enzyme

modified egg yolk in mayonnaise production contributes to better heat stability of the

mayonnaise during pasteurisation. A limitation of using pancreas phospholipase in

egg yolk is that the amount of free fatty acid also increases, which contributes to

reduced oxidative stability because free fatty acids are more prone to oxidation than

20 the corresponding ester. Free fatty acid may also contribute to a soapy offtaste.

In accordance with the present invention it has now been shown that it is possible to

produce lysolecithin from egg yolk without free fatty acid formation by use of a

lipidisterol acyltransferase.

25

In the following experiment a lipid:sterol acyltransferase is used for the production of

mayonnaise according to the following procedure.

Ingredient Negative Positive With

Control Control (with lipidisterol

(without phospholipase acyltransferase

enzyme) A2 enzyme)
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% % %
Vegetable oil 50 50 50

Egg yolk 5 5 5

Starch 2 2 2

Dextrose 1.0 1.0 1.0 i

Salt 0.75 0.75 0.75

Preserving agents 0.1 0.1 0.1

Vinegar 3.5 3.5 3.5

Mustard 2 2 2

Water 35.65 35.55 35.55

Lipiisterol acyltransferase

500LATU(St)/g

0.1

Pancreas Phospholipase A2

(200PLU/g)

0.5

Procedure:

The egg yolk* dextrose and lipidisterol acyltransferase or pancreatic phospholipase A2

(ifany) are transferred to a mixing bowl and agitated at 30°C for 20 minutes. All ofthe

5 other ingredients are then mixed and emulsified in a batch mixing process. After

mixing the mayonnaise is pasteurised at 95°C for 5 minutes.

The stability of the mayonnaise is evaluated by measuring the oil droplet size using a

Malvern mastersizer. The oil droplet size ofthe mayonnaise prepared with the enzyme

10 is significantly smaller than the oil droplet size ofthe mayonnaise prepared without the

enzyme (i.e. the control mayonnaise).

A sample of the control egg yolk and the enzyme treated egg yolk is extracted with

CHCl3:CH3OH 2:1 and the organic solvent phase is isolated and analysed by HPLC

15 and GLC for the following compounds: phosphatidylcholine (PC),

lysophosphatidylcholine (LPC), free fatty acids, free cholesterol, cholesterol esters.
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Results and conclusion:

Preliminary results of oil droplet size after pasteurisation of the mayonnaise indicate

thai die enzyme treatment of the egg yolk facilitates better emulsification stability of

S the mayonnaise as compared with die control mayonnaise with no enzyme and the

positive control mayonnaise with phospholipase A2.

Preliminary results of the HPLC and GLC analyses indicate that the amount ofPC in

the "enzyme treated" mayonnaise is reduced as compared with the control

10 mayonnaise, whilst the amount ofLPC is increase in the enzyme treated mayonnaise

as compared with the control mayonnaise. The increase in the amount of LPC may

well explain the improved emulsification properties of the enzyme treated mayonnaise

as compared with the control mayonnaise. The HPLC and GLC analyses also indicate

a lower level of free cholesterol in the enzyme treated mayonnaise as compared with

15 the control mayonnaise, probably due to the cholesterol being used as an acceptor

molecule in the transferase reaction resulting in an increase in the amount of

cholesterol esters in the enzyme treated mayonnaise as compared with the control

mayonnaise. In addition, preliminary results indicate that the amount of free fatty

acids do not increases significantly when egg yolk is treated with lipidisterol

20 acyltransferase. Preliminary results further indicate that the amount offree fatty acids

produced in the foodstuff treated with the lipidrsterol acyltransferase is significantly

lower than in the foodstuff treated with the pancreatic phospholipase, this is true even

ifthe amount ofIysolecithin formed in the foodstuffs is the same.

25 EXAMPLE 2: Use of lipidisterol acyltransferase for production ofsponge cake.

Emulsifiers are widely used to improve the cake batter aeration in industrial

production of sponge cake, and especially in the * all-in' procedure the emulsifiers are

essential in order to obtain good aeration which contributes to improved batter

30 stability and a sponge cake with good volume and nice homogenous crumb structure.
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In this example, a lipid:sterol acyltransferase is tested in a sponge cake recipe and

compared with a high quality rake emulsifier Gatodan 504.

Sponge cake recipe:

1 2 3

Ingredients Negative

Control*

Positive I

control:

Commercial

Emulsifier

Enzyme

Sugar 168 168 168

Dextrose 40 40 40

Soya oil 40 40 40

Egg 200 200 200

Cornstarch 60 60 60

Wheat starch 188 188 188

Flour 188 188 188

Water 110 110 110

Gatodan 504 cake gel** 15

lipid acyl transferase, 500 LATU(St)/g 2

Baking powder 14 14 14

Flavouring 3 3 3

* Negative control means no enzyme and no commercial emulsifier

**Gatodan 504 cake gel is a cake improver containing monoglyceride and

propyleneglycolester

Procedure:

Egg, oil and dextrose are transferred to a mixing bowl. Lipid:sterol acyltransferase or

emulsifier (ifany) is added and the mixture is agitated for 10 minutes.

Mixing: The other ingredients are added and the cake batter is mixed cm a Hobart

Mixer for 2 minutes in 1
st
gear and for 3 minutes in 3

rd
gear.

Baking:

350 g cake hatter is scaled in a cake tin and baked at 180 °C for approx. 35 min.
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After baking the cakes are cooled to ambient temperature and specific cake

volume(ml/g) is measured Cake appearance and crumb structure is evaluated

subjectively.

5 After baking a part of the cake crumb is frozen and freeze-dried. The freeze-dried

cake crumb is ground in a mill, sieved and extracted with CHCl^CffeOH 2:1

Emulsifiers in die lipid phase are analysed by HPLC and GLC.

10 Results and conclusion:

Preliminary results indicate that use of the lipid:sterol acyl transferase in sponge cake

results in sponge cake with significantly improved cake quality and appearance as

15 compared with the negative control. In particular, the cakes produced with the enzyme

have a better specific volume, a better appearance (i.e. a smoother surface with less

blisters and/or holes and a taller cake), and a better crumb structure (i.e. more

homogenous and/or a more tender crumb) as compared with the negative control. The

results achieved were almost comparable with those obtained using the conventional

20 cake improver (Gatodan 504).

Preliminary results further indicate that the amounts of monoglyceride, lysolecithin

and glucose ester (produced by the reaction between the egg, the dextrose and the oil

' by the enzyme) were increased in cakes produced using the enzyme as compared with

25 the negative control in addition, the amount of glucose ester produced in the enzyme

treated cake is significantly greater as compared with the positive control cakes.

Preliminary results also indicate that the amount of free cholesterol (typically from the

egg yolk) is reduced in the cakes treated with the enzyme as compared with the

30 positive and negative controls. This is because the enzyme additionally uses

cholesterol as an acceptor molecule during the transferase reaction.

EXAMPLE 3: Bread with lipid-sterol acyltransferase
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I

I

lipase and phospholipases have been used for more than a decade in the baking

industry for the improvement of baking performance of flour when used in bread

making. When added to a dough lipases are able to modify the endogenous and added

5 lipid during production of more polar lipid, which facilitate better emulsification and

stabilisation of the dough and contribute to produce a bread with -better shape and

volume as well as improved crumb structure.

On of the limitations of using lipase in bread making is that not only polar lipids are

10 produced, but free fatty acid is also formed during the lipase reaction, it is well known

that formation of too much free fatty acid will have a negative impact on die baking

performance of flour, because the gluten gets too stiff and a bucky dough is formed

which can not expand during fermentation and baking.

Formation of free fatty acid should also be prevented from the point of oxidative

15 stability, because

free fatty acids are more prone to lipid oxidation than the corresponding

triacylglyceride.

Another limitation of using phospholipase and galactolipase in a dough is that the

20 amount of lysolecithin and galactosylmonoesters produced is limited to the amount of

available substrate (DGDG and lecithin) in the dough.

In the present invention the problems with free fatty acid formation when adding a

lipolytic enzyme to a dough has been reduced by using a lipid:sterol acyltransferase

25 which instead offorming free fatty acids transfers one or more fatty acids from a lipid

donor to a sugar molecule as acceptor. The acceptor molecule in dough is glucose,

sucrose or maltose, which are sugars normally available in dough. In this way not only

lysolecithin and galactomonoesters are produced but at the same time sugar esters are

produced, and thus the total amount of efficient emulsifiers in dough is increased

30
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In the following experiments lipidzsterol acyltransferase is tested in mini scale baking

experiments, and the lipid components in fully proved dough were extracted by water

saturated butanol and analysed by HPLC and GLC analysis.

5 Materials and methods:

Enzymes:

Iipid:sterol acyltransferase, 550 LATU(St)/g

Grindamyi Exel 16 (Danisco A/S, Denmark) 5000UPU/g

10

. Flour : Selvmel nr. 2001084

Mini baking test:

Hour 50 gram, dry yeast 1.0 gram, glucose 0.8 gram, salt 0.8 gram, 50 ppm ascorbic

15 acid, enzyme (either lipid:sterol acyltransferase or Grindamyi Exel 16) (if any), water

400 Brabender units is kneaded in a 50 g Brabender mixing bowl for 5minat30°C.

Resting time is 10 min. at 34°C . The dough is scaled 15 gram per dough. Then

moulded on a special device where the dough is rolled between a wooden plate and a

plexiglas frame. The dough's were proofed in tins for 45 min. at 34 °C, and baked in a

20 Voss household oven 8 min. 225 °C.

After baking the breads are cooled to ambient temperature and after 20 min. the breads

are scaled and the volume is determined by rape seed displacement method. The

breads are also cut and crumb and crust evaluated.

25 Lipid extraction and fatty acid analyses: 10 g of fully proofed dough is immediately

frozen and freeze-dried. The freeze-dried dough is milled in a coffee mill and passed

through a 800 micron screen. 1.5 g of freeze-dried dough is scaled in a 15 ml

centrifuge tube with a screw lid. 7.5 ml water saturated butanol (WSB) is added. The

centrifuge tube is placed in a boiling water bath for 10 minutes. The tubes are placed in

30 a Rotamix and spun at 45 rpm for 20 min. at ambient temperature. Then place in

boiling water bath again for 10 min. and turn on the Rotamix for 30 min. at ambient
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temperature. The tubes are centrifuged at 3500 g for 5 minutes. 5 ml supernatant is

transferred into a viaL WSB is evaporated to dryness under a steam ofnitrogen.

5 HPLC analysis:

Column: LiChrospher 100 DIOL 5pm (Merck art16152) 250 x 4.0mm id

with waterjacket 50 °C.

Mobil phase: AiheptanAisopropanol/butanolAet^

64.5/17.5/7/5/5/1

10 B: isopropanol/butanol/tetrahydro

730/7/5/5/10

*lmmol trifluoro acetic acidA mobile phase

(pH=6.6 adjusted withNH3 )

Pump: Waters 510 + Gradient controller.

15

Gradient: Flow: ml/mfn Time: min %A %B

1.0 0 100 0

1.0 25 0 100

1.0 30 0 100

1.0 35 100 0

1.0 40 100 0

Detector CUNOW DDL21 (evaporative light-scattering)

temp: 100 C- volt:600 - airflow: 6.01/min

Injector: Hewlett Packard 1050. Injection volume: SO jil

20 Sample preparation:

The wheat lipid is dissolved in 5ml CHCh-O^OH (75-25)

( sonicated for 10 min.) and filtered through 0.45m.

Calculation: Calibration curve for PC (lecithin standard from HPS**)

is used

25 to calculate the amount of glycolipids and phospholipids.

International Lecithin and Phospholipid Society
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Reference: AmoldssonJLCJ KaufinaimJP,

Chromatographia Vol38,5/6-1994, 317-324

5 Gas Chromatography:

Perkin Elmer 8420 Capillary Gas Chromatography equipped with WCOT fused silica

column 12.5 m x 025 mm ID x 0.1urn 5%phenyl-methyl-silicone (CP Sil 8 CB from

Crompack).

Carrier: Helium.

10 Injection: 1.5 \x\ with split

Detector FID. 385 °C.

Oven program: 12 3 4

Oven temperature, °C. 80 200 240 360

Isothermal, time, min 2 0 0 10

15 Temperature rate, °C. /min 20 10 12

Sample preparation: 50 mg of wheat lipid is dissolved in 12ml heptane: pyridine 2:1

containing an internal standard heptadecane, 2 mg/ml. 500 \xi of the sample is

transferred to a crimp viaL 100 ^1 MSTFA(N-Methyl-N-trimethylsilyl-

20 trifluoracetamid) is added and the reaction incubated for 15 minutes at 90 °C.

Calculation: Response factors for mono-di-triglycerides and free fatty acid were

determined from reference mixtures of these components. Based on these response

factors the mono-di-triglycerides and free fatty acids in wheat lipids were calculated.

25 Lipase assay based on tributyim as substrate (LffU):

Lipase activity based on tributyrin is measured according to Food Chemical Codex,

Forth Edition, National Academy Press, 1996, p 803. With the modification that the

sample is dissolved in deionized water in stead of glycine buffer, and the pH stat set

point is 5.5 instead of 7.

30 1 LIPU is defined as the quantity of enzyme which can liberate 1 pmol butyric acid

per min. under assay conditions.
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Lipid acyl transferase unit, LATU(St):

lipid acyl transferase activity is defined as the amount of junol cholesterol ester

formed per minute from lecithin as donor and cholesterol as acceptor molecule under

5 assay conditions.

Procedure:

Substrate: 0.6% Avanti phospholipid(95%PC),0.4 % cholesterol(Sigma, 3137), 0.05M

HEPES buffer pH 7, 5 mM CaCI2. Phospholipid and cholesterol are dispersed in the

buffer by heating to 40 °C and homogenized on a Turrax mixer for 10 seconds. 1 ml

10 substrate is thermostated to 30 °C for 5 minutes. 100 yd enzyme solution is added.

After 10 minutes the reaction is stopped by adding 0,1 ml 1M HCL The lipid

components axe extracted into an organic phase by adding 1 ml CHC^CHjOH 2:1.

500 jol ofthe organic phase is transferred to a 10 ml flask and evaporated at 60 °C in a

stream of nitrogen. The amount of cholesterol ester formed is determined by GLC

15 analyses. Cholesterol ester is determined by GLC as mentioned below using

cholesterol oleate as standard.

Experiments:

20 Baking experiments were conduced according die Mini baking test procedure with the

addition ofenzymes as shown in table 1.

Table 1

Experiment Enzyme Dosage per kg

flour

1 Negative Control

(no enzyme)

2 Lipid:sterol

acyltransferase

400 LATU(St)

3 Grindamyi Exel 16

(Positive control -

500LIPU
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lipolytic enzyme)

Preliminary results show that bread baked with the Hpidisterol acyltransferase is

significantly better than the negative control bread baked without enzyme addition in

terms of improved bread volume and crumb structure. The bread bated with

5 lipicksterol acyhransferase is even better than the bread baked with Grindamyl Exel 16.

Fully proofed dough from this baking experiment is frozen and freeze-dried and the

dough lipid extracted with water saturated butanol(WSB). Tie isolated dough lipids

are analysed by GLC and HPLC. Preliminary results of the HPLC analyses indicate

10 that the amount ofDGDG decreased and the amount ofDGMG increased in the bread

from dough treated with lipid:sterol acyltransferase and with Grindamyl Exel 16. It

was also observed that the amount of glucosemonoester increased in the dough treated

with lipid:sterol acyltransferase whereas no increase in glucose monoester is observed

in lipid from dough treated with Grindamyl Exel 16.

15

Conclusions:

Preliminary experiments conducted with the lipidrsterol acyltransferase clearly

demonstrate a positive effect on both bread volume and bread appearance. The lipid

20 analyses confirms the transfer reaction of lipid in the dough as it is observed the

amount of free fatty acid only marginally increases although the polar lipids DGDG

and phosphatidylcholine (PC) are converted to the corresponding monoesters DGMG
and lysopbosphatidylcholine (LPC). In addition, the preliminary results show that

glucose ester is formed

25

All publications mentioned in the above specification are herein incorporated by reference.

Various modifications and variations of die described methods and system of the present

invention will be apparent to those skilled in the art without departing from the scope and

spirit of the present invention. Although the present invention has been described in

30 connection with specific preferred embodiments, it should be understood that the

invention as claimed should not be unduly limited to such specific embodiments. Indeed,
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various modifications of the described modes for carrying out the invention which are

obvious to those skilled in biochemistry and biotechnology or related fields are intended to

be within the scope ofthe following claims.
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CLAIMS

1. A method for the in situ production ofan emulsifier in a foodstuff wherein the

method is such that die emulsifier is produced without increasing or

substantially without increasing the free fatty acids in the foodstuff and

5 wherein the method comprises the step of adding a lipidisterol acyltransferase

to the foodstuff!

2. A method according to claim 1 wherein either a sterol ester or a stanol ester is

also produced in situ in the foodstuff!

3. A method according to claim 1 or claim 2 wherein a second emulsifier is also

10 produced in situ in the foodstuff.

4. A method according to claim 3 wherein the second emulsifier is a carbohydrate

ester.

5. A method according to claim 2 wherein the sterol ester is one or more ofalpha-

sitosterol ester, beta-sitosterol ester, stigmasterol ester, ergosterol ester,

15 campestezol ester or cholesterol ester.

6. A method according to claim 2 wherein the stanol ester is one or more beta-

sitostanol or ss-sitostanoL

7. A method according to any one of claims 1-3 wherein the lipidrsterol

acyltransferase is characterised as an enzyme which possesses acyl transferase

20 activity and which comprises the amino acid sequence motifGD8X, whereinX
is one or more of the following amino acid residues L> A, V, I, F, Y, H, Q, T,

N,MorS.

8. A method according to any one ofthe preceding claims wherein die lipidrsterol

acyltransferase enzyme comprises H-309 or comprises a histidme residue at a

25 position corresponding to His-309 in the amino acid sequence of the

Aeromonas kydrophila lipolytic enzyme shown as SEQ ID No. 2.

9. A method according to any one ofthe preceding claims wherein the lipidisterol

acyltransferase is obtainable from an organism from one or more of the

following genera: Aeromonas, Streptomyces, Saccharomyces, Lactococcus,

30 Mycobacterium, Streptococcus, Lactobacillus, Desutfitobacterhtm, Bacillus,

Campylobacter, Vibrionaceae, Xyletta, Sulfolobus, Aspergillus,
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Schizosaccharomyces, Listeria, Neisseria, Mesorhizobium, Raktonia,

Xanthomonas and Candida.

10. A method according to any one ofthe preceding claims wherein the lipid:sterol

acyltransferase comprises one or more ofthe following amino acid sequences:

5 (i) the amino acid sequence shown as SEQ ID No. 2; (ii) Ihe amino acid

sequence shown as SEQ ID No. 3; (iii) the amino acid sequence shown as SEQ

ID No. 4; (W) the amino acid sequence shown as SED ID No. 5; (v) the amino

acid sequence shown as SEQ ID No. 6; (vi) the amino acid sequence shown as

SEQ ID No. 12; (vii) an amino acid sequence which has 75% or more identity

10 with any one ofthe sequences shown as SEQ ID No. 2, SEQ ID No. 3, SEQ ID

No. 4, SEQ ID No. 5, SEQ ID No. 6 orSEQ ID No. 12.

11. A method according to any one ofthe preceding claims, wherein the emulsifier

is one or more ofthe following: a monoglyceride or a lysophosphatidylcholine.

12. Use of a lipid:sterol acyltransferase to prepare from a food material a foodstuff

15 comprising an emulsifier, wherein the emulsifier is produced without

increasing or without substantially increasing the free fatty acids in the

foodstuff and wherein the emulsifier is generated from constituents ofthe food

material by the lipidrsterol acyltransferase.

13. Use according to claim 12 wherein either a sterol ester or a stanol ester is also

20 produced in situ in the foodstuff

14. Use according to claim 12 or claim 13 wherein a second emulsifier is also

produced in situ in the foodstuff

15. Use according to claim 14 wherein the second emulsifier is a carbohydrate

ester.

25 16. Use according to claim 13 wherein the sterol ester is one or more of alpha-

sitosterol ester, beta-sitosterol ester, stigmasterol ester, ergosterol ester,

campesterol ester or cholesterol ester.

17. Use according to claim 13 wherein the stanol ester is one or more beta-

sitostanol or ss-shostanol.

30 18. Use according to any one of claims 12 to 17 wherein die lipidcsterol

acyltransferase is characterised as an enzyme which possesses acyl transferase

activity and which comprises the amino acid sequence motifGDSX, whereinX
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is one or more ofthe following amino acid residues L, A, V, I, F, Y, H, Q, T,

N,MorS.

19. Use according to any one of claim 12-18 wherein the lipid-sterol

acyltransferase enzyme comprises H-309 or comprises a histidine residue at a

S position corresponding to His-309 in the amino acid sequence of the

Aeromonas hydrophila lipolytic enzyme shown as SEQ ID No. 2.

20. Use according to any one of claim 12-19 wherein the lipidrsterol

acyltransferase is obtainable from an organism from one or more of the

following genera: Aeromonas, Streptomyces, Saccharomyces, Lactococcus,

10 Mycobacterium, Streptococcus, Lactobacillus, Desulfitobacterium, Bacillus,

Campylobacter, Vibrionaceae, Xylella, Sulfolobus, Aspergillus,

Schizosaccharomyces, Listeria, Neisseria, Mesorhizobium, Ralstonia,

Xanthomonas and Candida.

21. Use according to any one of claims 12-20 wherein the lipidisterol

15 acyltransferase comprises one or more of the following amino acid sequences:

(0 the amino acid sequence shown as SEQ ID No. 2; (if) the amino acid

sequence shown as SEQ ID No* 3; (iii) the amino acid sequence shown as SEQ

ID No. 4; (iv) the amino acid sequence shown as SED ID No. 5; (v) the amino

acid sequence shown as SEQ ID No. 6; (vi) the amino acid sequence shown as

20 SEQ ID No. 12; (vii) an amino acid sequence which has 75% or more identity

with any one ofdie sequences shown as SEQ ID No. 2, SEQ ID No. 3, SEQ ID

No. 4, SEQ ID No. 5, SEQ ID No. 6 orSEQ ID No. 12.

22. Use according to any one ofclaims 12-21, wherein the second emulsifier is one

or more ofthe following: a monoglyceride or a lysophosphatidyicholine.

25 23. A foodstuffobtainable by the method according to any one ofclaims 1-11.
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i

ABSTRACT

METHOD

A method for the in situ production of an emnlsifier in a foodstuff wherein a

lipid:slerol acyltransferase is added to the foodstuff. Preferably the emnlsifier is

produced without an increase or without a substantial increase in Hie free fatty acid

content of the foodstuff! Preferably, in addition to the emulsifier either a stanol ester

or a stanol ester may be produced. For some embodiments a caibohydnite ester may

also be produced.
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Figurel

SEQIDNo. 1

1 iva£GD§CLTd geayygdsdg ggvgagladx
61 ivDalvallF laqslglpnL pFYLsgdflx

121 vlelxqalgl lqellrllpv ldakspdlvt
181 kdnlrglikr Lrsnngaxii vlitlvilnl
241 eevadfaeal relalakled glrkdglpdv
301 ettkaCOGyG gxyfiynrvCG naglcnvtak
361 1

Ltallrlxar prgvdvfnrg laGrtadCrl
GWJFAsagAt Xlptagpfli QvgFkrftkag
IsdGUfplit aaffgpkste sdiavavpef
gplGdPlkl alalaaslanr dasgderln
kgadvpyvDl yslfqdldgi qnpsayvyGF
aCnpssylls tlfvDgfgp3 ekGykavAea

Figure 2

SEQIDNo, 2

1 nkkvtvcllg Ivaltvqaad sxpafsrivm fgdslsdtgk xnyskmrgylp ssppyysgx*
61 sngpwleql tnefpgltla neaeggptav ayakisvopk yqviimldye vtqrflqkdsf

121 kpddlvllwv gandylaygw nteqdakxvr daisdaanrai vlngakeill fnlpdlggnp
181 aaxBqkwfea ashvsaytroq lllnlaxqla ptgmvkltei dkqfaemlrd pqnfglsdUjr
241 nacyggsyw kpfasrsast daqlsafnpq erlaiagnpl laqavaapaa axaaatlnce
301 gtmXwlqvlip ttwhaalse paatfleaqy eflah

Figure 3

SEQIDNo. 3

1 nkkvfvcllg llaltvqaad trpafsrivm fgdslsdtgk xayskmrgylp ssppyyegrf
61 sngpvwleql tkgfpgltia. neaeggatav aynkisvnpk yqvyimldy* vtqflqkdsf

121 kpddlvllwv gaadylaygw nteqdakxvr dalsdaanna vlngakqlll fnlpdlgqnp
181 sarsqkwea vshvaayfank lllnlaxqla ptgmvklfel dkqfaenlxd pqofglsdve
241 npcydggyvw kpxatrsvst drqlaafapq erlaiagnpl laqavaspoa rrsasplnce
301 gk&Zwdgvfcp ttwhaalse raatfletgy eflahg

Figure 4

SEQIDNo.4
1 mpkpalrrvm tatvaavgtl algltdatah aapaqatptl dyvalgdsys agsgvlpvdp

61 anllclrata nypbviadtt garltdvtcg aaqtadftra qypgvapqld algtgtdlvt
121 ltiggndost finaltacgt agvlsggkgs pctdxbgtsf ddeieantyp alkeallgvr
181 araphaxvaa lgypwitpat adpscflklp laagdvpylr aiqahlodav rraaeetgat
241 yvdlsgvsdg bdaceapgtr viepllfghs lvpvhpaalg ezzsaehtmd vlgld
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SEQIDNo.5

1 apkpalrrvm tatvaavgtl algltdatah aapaqatptl dyvalgdsys ag*gvlpvdp
61 anllcXrsta nyphviadtt garltdvteg aagtadftxa qypgvapqld algtgtdlvt

121 ltiggadnst tinaitacgt agvlsggkgs pckdibgtsf ddeleantyp alkeallgvr
181 arapharvaa Igypwitpat adpscflklp laagdvpylx alqahlndar rr&aeatgat
241 yvdtagvsxtg bdaceapgtr viepllfghs lvpvbpaalg erxnaefetmd vlgld

:

Figure 6 *

SEQIDNo. 6

1 KriyekfUfg dsitefafnt xpledgkdqy algaalvncy tatadilqrg ffcgytsrval
61 kilpellkbe snivnatifl gandacsagp gsyplpeCid nlrqmvalmJc syhixpillg

121 pglvdrekwe kekseeialg ytrtnental ysdalaklan eekvpfvaln kafqqeggda
181 wqqlltdglh fsgkgykifh dellkvietf ypqyhptomq yklkdwrdvl ddgsnins
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Figure 7

Alignment, of pfam00657.6 consensus sequence witb P10480
*->ivafGD81Tdg eayygdsdggg*gagladxL

lr+fGDSl+d+++ 4+ ++ imm +++s+g w ++l
PI0480 2B rVMPd^LSDTgkiayaloargylpasppyYiXUlFSNGPVKLEQL'XMEF 71

F10480

tall. .rlrarpigvdvIarglsGrtsdSrllvDalval TFlaqslglpn
+ 1 + ) 1 1

1

H n +»+ +
75 PGLYiaHEAEGGPTRVA3fhKaSWHPK ... XO0

I^FXl^gdflrG&HFAsagArXlp^s^fliQv^Flcdlksqvlelrqalg
4+ ++

P10480 101 — 1 TQVTHH 106

P10480

P10480

P10480

P10480

P10480

llqellxllp^ldakspcUv^indGtiailltaaffgpksteodrnvsvpe
.lHei ++1 +++ k+ dlv++++G+m>+ ++ 4+ MMU

107 LDYEVTQFLGICDSFKFS^VXLHVtSUtyff IAYGWJTEQDAKR 148

fIcrtnl rqlljcrLrflm^garllvlltlvilnlgplGClPlklalalasokn
++d mil ir+ nga+ M »inl+ 1G+ p+

149 VRDMSOAWSnW-UJGRK EILLFRLPDLGQHPS- 181

vdasgclerlneavadfnealxelaiakledqlrkdglpdvfcgadvpyvD
mm +e + ++a++iH-H +la +qln »gM m i i id' i M I

.

182 ARSQKVVEAASHVSAYKNaJ^LLNIA XQXABTGHVKLTZXDXQFbZ 226

lyslfgdldglqnpsayv.y. „ . .6Fe.ttkaCCGyGgr.yNyn.rv.CG
+ i q ^ i ^ ^ ^ +a+4+++ i t +++a i fr 1 1 4 1 1 4jf4++x+ 4

4

227 MUtDFOHFGX^IttKHACYg^yvWKPra 276

nag.I.e.nvtakaC •npssyll . attfwDgxBpsfckGykavAeal<-*
44+ 1 + 1 1 nan +a+ mom fwp»+Bp+ 44a+ e

277 OiPlJUQaVASPHAArSASTLRCeGraUULUVtfPTYV VWALSEpA 322

Alignment of pfam00£S7.6 consensus sequence with AAG09804
*->iva£GDSlTdg ' eayygdsdgggvgagladcL

iv*«3DSl4d+++ +4 ++ HM IH 4+4s+g v ++1 4 +
AAG09804 26 IVHFGBSI£DTgkmyskmrgylpssppT1^^ 74

tallrlrarprgvdvfnrgisGrtsc^livDalvallFlaqslglpnl^)
+g+44 n 4 +G+t

&RG09804 75 PGLriANKAEGGAT 88

PYltsgdflitiAKEAsagAtllptsgpfliOvqFlcdXksqvlel^ . • •

444+ + ++4+ +
AAGQ9804 89 AV&YHKISWHpkyq 102

. .lgllgellrllpvloaicapdlvtiiaiGrHni it.nafrgpfcatesdrnv
44l4+e4 4+1 44+ k+ dly+ u KS IHD+ 4+ ++ +4

AAG09804 103 vyWHI^TEVTtJflflKIKFKPDDLVILBT^UlIlfy ZJUTGWITGQ 144

3TrperTcdnlxu^i)trI*snngaTi^^
1 1 1

1

1 id ++++++r+ nga* m i inl+ 1G4 P+
AAG09804 145 DAKRVRHAISDRflNRMV-LNGAK -QILLFNLPD1G0NPS 181

sskavdasgclexlneavadfnealrelaiskledqlrkdglpdvkgadv
4+4+ +e 4 4+a4+n++i 4la 4ql44+g4+-M n id

AAG09804 182 AR3QKVVEAV3flV3AYHHKtiT>TiHTA BQIAPTGMVKLFEIDK 222

pyvDlyalfqdldgiqppaayv .y . . . .GFe.ttkaCCGyGgx.ylfyn.r
4444 "lqfr+4 4 44 444+4 444 t44 444 444 4 4+4r

ASG09804 223- QFaEMUffiPCHTO^DVENPC^dGgyvwK^ 272

AAG09804

v.CGnag.l .c .nvtakac .npssyll .sfXfvDgxBpsokGykavAeal
4 44444 1 4 4444a+4 4S ++++++fVD4+Hp+ 44e4 e+

273 I^IAGBPli^^VASPMARrSASPI^ 322
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Figure 7 confd

AAG09804

Alignment of pfatt00657.6 consensus sequence with HP_631558
*->ivafGimtdgeayygdsdgggwgagladrLtallxlrarpxgvtJvf

+va+GDS +4<j +g 4 +++L 4 + + ++ +
HE_631558 42 TVBLGOSYSAG : SGVLFVDPAHL LCLR3TABTPHV 75

HP 631556

HP 631559

HP 631558

HP 631558

HP 631558

HP 63155B

HP 631558

HP 631550

nrtjiBGrtsdGrllvD . a .l.vallPla«plqlpn1£>FyLggdfliGaHF
4 • »C < »' D + + +

76 IMTTGAR LTDvtcGaAQ si

AsagAt^lpt^gpfliOvqFkdfksgvlelrqalgllqellrllprvldak
4++ ++ + + +++

94 —-- - ' 'tADITiaQTPGVAPOLDAI/ST 114

spdlvtimiGtBDl -itsaffgpkstesdmvsvp
+ dlvt+ iG+HD ++ + + ++ + 4+ + +k ++ + +++

115 GTDLVTLTIGGHDWstfinaltacgtagvlSGGXGSPCKDBHGTSFDDE1 164

efken- .lrqlikrLrs .nngariivlltlvllxilg . .plG
e m li 1 11 +»+++ +ar+ +1 +4I+++ +++ + + G

165 EANTYpaLXEALLGVRta^lPHARVAM^ 214

ClPlkl aT, alasaknvdaagclerlneavadfpealrelalalcledqlr^
P+ 1+ 4+a a a+r a

215 DVPY LRAIQAHLB11AVRRAA — 234

dglpdvkgadvpyvBlysift^dgiqnpsayvyGFettkaCCGyGgr^
+4 + +yvt>+ +4

235 EETGAXTVDPSGVSDG 250

yiirvCGnaglcnvtakaC-npssyll.sflfvDgt. • -HpsekGykavAe
++aC4 p +++ + If + + + Bp++ 6 +4+Ae

251 . HDACeJU^W?IBPLLFGHSLvpvEPHALGERRM&E 286

al<-*
+

287 HT 288

Alignment of pfam00657 . 6 consensus sequence with CAC42140
*~>ivafGDSlTdgeayyyiadgggwgaoladTLtallrlrarpj.gvdvf

4va+GDS 4+g +g 4 ++4L + + ++ +
C&C42140

CAC42140

CAC42140

CAC42140

CAC42140

G&CI2140

CAC42140

42
4va4GDS 4+g
TVALGDSYSAG —SGVLPVDPAHI*~-LCLBSTAHTPHV 75

nrgisGrtsdGxlivD.a . 1.vallFlaqslglpnLppTLsgdflrGAHF
+ I <G t I D 4 4 4

76 IADTTGAR LTIJvTcGaAQ ' 93

AsagAtllptsgpflioTqFkdfksq^lelrqalgjaqellrllpvlQak
-4++ ++ + ++ +++

94 TADFTRAQYPGYAPQLDALGT 114

spdlvtiniGtHDl. * .itsaffgpkateadmvsvp
4 dlvt+ 1G+HD + + ++ + ++ + +k +4 + +++

115 GTm<VTIJIG&)in9stfinaitacgXagvlSGGKGSPCKDHHGTSrD0EI 164

efkdn* . 1rqlitrLrs .nngarllvlitlvilnlg .plG
e 44+ 1++++ +r+++ +ar+ +1 ++1+++ +++ + + G

2 65 EANTYpaLKEP.LLGVRArAPHARVAALGyPWXTPATadpSCflklplAAG 214

ClP13Ualala53Jtzr7da39Clerlnedvadtnealrelal5kledqlrk
P4 1+ ++a n a+r a

215 DVPY LtUUQAHLSDAVRHAA 234

dglpcftrkgadvpyvtUysifqdldgigppsayvyGI^ttk^
44 + +yvD4 +4

235 —EETGAJYVDFSGVSDG 250

CAC42140

ynrvCGnaglcovtakaC-spssyll .sflfwogf. . .HpsekGykavAe
4+aC+ p 4++ + If + + 4 Hp+4 g 4++Ae

251 - - HDACeAPGT^JQePllJ^GHSL^PvBPHAIiGERRtRE 286
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Fignre7confd

CAC42140

al<-*

287 HT 26*

10

15

Alignment of pfa»0O€57 6 consensus sequence with P41734
*->lvafGDSlTdg. . » .eayygdadgggwgaglfwtrttallrlraiprg

++fGDS+T+ +++ + (H ga+1 +:r+
P41734 6 FIJ,rGDSITEFafetBPIBDGBMtW^M»VHCT TRK 43

vthrfnrgi^GrtsdGrllvi^valllT^sl^^^

F41734 44 MDU^OTCTT 55

FAsagA&XLptsgpfliQ^Ffcrificsqrlelrq^
+x+aH-H+e+l+

P41734 56 ' SZft&ZJ2X£EXLKIi E 70

20

25

30

35

fcapdlytlniGtHPlltgaftqplcstegdravaTpeffcrtnlrql 1 IrrUra

P41734 71 SBIYMATIFU3BHDA CSAGPQSVPIIOTIMJIRGMVSLMKS 111

ttngaxiivlltlvlliagFlOClPlklalalasBterdaBgclerljieav
-i-M-+il-M-H-lv ++ + k ++ 4 r+nft +

P41734 112 THIRPI11GPGLVDREEW- EKEKSEE1ALGYFKTHEHF 148

adfnealitslalakledqlrWglpdvkgadvpyvOlysifqdldgiqnp
a + al +la +vp+v l-M-*fq+ +9++++

P41734 149 AIYSDALaKLft WEEKVPFVAIiJKAFOQEGGDAWQ 182

sayvyCTettkaCCGyl^ryBynrvCGnaglci^
1+

P41734 183 Q 1«L 185

*DgfBpsekGytavA6al<-*

P41734- 186 TDGLHFSGKSYKZFHDEI. 203

NZAS-0212247
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Figure 8

A.hyd 1 MQTOFVCIJ^VALTVQA&PSRrAreraV^^ 60

A. sal 61 SHGPVHLEQLTKQFPGLTIANEREGGATAVAIHKISHNPKYQVIHHLnyEVTQFLQKDSFj 120

A. hyd 61- SBGPVBI£QIJKErPGLTIAHEAEGGPTAVATNKISWHPinfQVIHHtDYEVTQrLCKDSF! 120

A. sal 121 irPT^.viTjagtamnrTjrcgMrrpTOK

n

vrtutfttft&uhwlii^MTQTT.T.PwT.gTTT/aqgp 180
+

A. hyd 121 KH)I^VTlJ7VG?U^rnATQ?NTEQIl&KKVRIl^SDAAHRMVLKGAlOSnXFHI^DLGQHP 180

A* 5al 101 SARSQKVVEAVSHVSAYBlimXBIA^^ 240

A.byd 181 SAESOKVVEMSHVSAYHIKB^^ 240

A. Sal 241 inWXOTVWKPFATRSVSTDRQLSATS 300
+ ++ + + + + +

A. hyd 241 HACYGGSYVWKPIASRSAST&SOI^AFlf^ 300

A. sal 301 GKMFWDQ^P*TVVHAAI»SEttAAT 335

A. byd 301 GKMiVDQVBPTTVVHAAI*SKPAATE^ESOXEFLRH 335

NZAS-0212248
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1 ATGMHUftAT OCITTGTGTG TTTATTGGGR.
61 XGCCGTCCCG CCTTCTCCCG GATCGTGATG

121 XTGIfcCAGCA AGATCCGCGG TTACCTCCCC
181 TCCAACGGGC CCGTCtOGCT GGRGCAGCTG
241 AACG&GGCGG AAGGCGGftCC GACCGCCGTG
301 TATCAG6TCA TCAACAACCT GGAGTACGAG
361 AAGCCGGACG ATCTGGTGAT CCTCT^GCTC
421 JOCACAG&GC AGGRTGCCAA GCGGGTGCGC
481 GTGCTGAACG GCGCCAAGGA GATACTGCTG
541 TCGGCCCGCA GCCAGAAGGT GGTCGRGGCG
601 CTGCTGCTGA ACCTGGCACG CCAGCTGOCT
661 GACAAGCAGT TTGCCGAGAT GCTGCGTGAT
721 AACGCCTGCT AC6GTGGCAG CTAXGTATGG
781 GACAGCCAGC TCTCCbClTT CAACCCGCAG
841 CTGGCCCAGG CCGTCGCCRG CCCCRTGGCT
901 GGCAAGAXGT TCT6GGATCA GGTCCACCCC
961 CCCGCOGCCA CCTTCATCGA GAGCCAGXAC

7/14

TTGGTCGCGC TGACAGTTCA GGCAGCCGAC
7YTGGCGRCA GCCTC7CCGA TACCGGCAAG
TCCAGCOCOC CCTACTATGA GGGCCGlITC
ACCAAC^GT TCCCGGCCCT GACCKEAGCC
GCTTBCABC& AGAXCTCCTG GAATCCCAAG
CTCACCC&GT TCCTGCAAAA AGACAGCTTC;
GGCGCCA&CG ACtATCTGGC CTATGGCTCGj
GACGCCATCA GCGftTGCGGC CfcACCGCATGrj

TTCAACCTGC CGGATCTGGG CCAGARCOCCj
GCCAGCCA3G TCTCCGCCTA CCACAACCAg!
CCCACCGQCA TGGTGAAGCT GTTCGAGATC
CCGCAGAftCT TCGGCCTGAG CGACCACAGG
AAGCCGTtTG CCICCCGCAG CGCCAGCftCC
GAGCGCCTCG CCATCGCCGG CAACCCGCTG
GCCCGCAGCG CCAGCACCCT CAACTGTGAB
ACGACTGTOG TGCAOGCCGC CCTCAGCGA6
G&G7TGCICG CCCAC
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FigmelO

1 ATGAAAAAAT GGTTTGTTTG TTTATTGGGG TTGATCGCGC TGACAGTTCA CGCAGCCGAC
61 ACTCGCCCCG CCTTCTCCCG GATCGTGATG TTCGGCGACA GCCTCTCCGA TACCGGCAAA

121 ATGTACAGCA AGATGCGCGG TTACCTCCCC YCCAGCCCGC CCX&CTXXG& GGGCCGTTTC
181 TCCAACGGAC CCGTCTGGCT GGAGCAGCTG ACCAAGC&GT TCCCGGGTCT GACCATCGCC
241 AACGAAGCGG AAGGCGGTGC CACTGCCGIG GCTTACAACA AG&TCTCCTG 6AATCCCAAG'
301 TATCAGGTCT ACAACAACCT GGACTACGAG GTCACCC&GT TCTTGCAGAA AGRCAGCTTC
361 AAGCCGGACG ATCTGGTGM! CCTCTGGGTC GGTGCCAATG ACTAICTGGC ATATGGCTGG
421 AATACGGAGC AGGaTGCCAA GCGAGTTCGC GATGCC&TGA GCGATGCGGC CAACCGCKK3
481 GT&JCTGAACG GTGCCAftGCA GATACTGCTG TTCAACCTGC CGGBICTGGfc CCAGAACCCG
541 TCAGCCCGCA GTCAGAftGG? GGTCGAGGCG GTCAGCCATS TCTCOGCCTA TC&CA&C&AG
601 CTGCTGCTGA ACCTGGCACG CCAGCTGGCC CCCACCGGCA TG6EAAAGCT GTTCGAGATC
661 GACAAGCAAT TTGCCGAGAT GCTGCGTGAT CCGCAGAACT TCGGCCTGAG CGACGTCGAG
721 AftCCCCTGCT ACGACGGCGG CTATGTGTGG AAGCCGTTTG CCACCCGCAG CGTCAGCACC
781 GACCGCCAGC TCTCCGCCTT CAGTCCGCAG GAACGCCTCG CCATCGCCGQ CAACCCGCTG
841 CTGGCACAGG CCGTTGCCAG TCCTATCnGCC CGCCGCAGCG CCAGCCCCCT CAACTGTGAG
901 GGCAA6ATGT TCTGGGATCA GGTACACCCG ACCACTGTCG TCCACGCAGC CCTGAGCGRG
961 CGCOOCGCCA CCTTCATCGA GACCCAGTAC GAGTTCCTCG CCCACGGATG A

NZAS-0212250
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Figure 11

1 ATGCCGZAGC CTGCCCWCfl CCCTGTCftTG ACCGCgftCttG TCGCCGCCST CGGC&CGCTC
€1 GCOCTCGGCC TCftCCGRCGC CftCCGCCC&C GCCGCGCCCG CCCAGGCCAC TCCGACCCTG
121 (»CTACGTCG CCCTCGGCGR CRGCTACAGC GCCSGCTCCg GCGTCCTECC CGTCGftCCCC
181 CCCMlCCTGC tCTGTCTCOS CTCGACGGCC AACTACCCCC ACGTCATCGC GG&CACGRCG
241 C6CGCCCBCC TCACGGftCGT C&CCJGCGGC GCCSCGCAGB CCGCCGfiCTT CACGCGGGCC
301 CMG3ACCCGG GCGTCGCACC CCftGTTGGRC GCGCTCGGC& CCGGCACGGA CCTGGTCRC5
361 CTCaCCATCC GCGGCftftCGft CAftCAGCACC TTC&TCA&C6 CCATCACGGC CTGCGGCAC6
421 GOGG6TGTCC TCAGCGGCGG CAftGGGCAGC COCTGCfiAGG ACAGGC&CGG CftCCTCCTTC •

481 GftCGROGRCA TCGftGGCOA CftCGI&CCCC GCGCTCRRGG AGGCGCTGCT OGGCfcTCCCC \

541 GCGAGGGCTC CCCAGGCCftG G&tGGCGCCT CTCGGCTXCC CGTGGATCRC CCCGGCCACC I

€01 GOCGACOOGT CLTfaUTIClT GftAGCTCCCC CTCGCCGCCG GtCftCGTGOC CXBCCTGCGG
661 GCCATCCAGG CftCACCTCAA CG&CGCGGTC CGGCGGGCCG CCGA6GRGAC CGG&GOCACC
721 TACGTGGlCT TCTCCGGEGT GTCCGACGGC C&CGBCGCCT GCGAGGCCCC OGGCACCOGC
781 TGGATCGftAC CGCTGCTCTT CG6GCAC&GC CTCGTTCCCG TCC&CCCCRA CGCCCTGGGC
841 GAGCGGCGC& TGGCCGRSCR CfiCGRTGG&C GTCCTC8QCC TGG&CTG&
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Figure 12

X TCAGTCCAGG CCGAGGACGT CCfcTCGTGTG CTCGGCCftTG CGCCGCICGC CCAGGGCGTT
El GGGGTGGACG GG30CGAG6C TGTGCCCGJUk GAGCAGCGGT TCGATCCAGC GGGTGCCGGG

121 GGCCTCGCAG GCGTC6TGGC CGTCGGACAC CCCGGAGAAG TCCACGTAGG T6GCTCCGGT
181 CTCCTCGGCG GCCCGCCGGA CCGCGTCGTT GAGGTGTGCC TGG&TGGCCC GCAGGTAGGG
241 CftCGTCftCCG GCGGCGRGGG GGAGCTTCAG GAAGGASG&C GGGTCGGCGG TGGCCGGGGT
301 GBTCCftCSGG TAECCGAG&G CCGCCACCCT GGCGTGGGG& GCCCTGGC6C GGACOCCG&G
361 CRGCGCCTCC TTGftGCGCGG GGTACGTGTT GGCCTCGATC TCGTCGtUA AGGAGGTGCd;
421 GYGCCTGTCC TTGCAGGGGC TGCCCTTGCC GCCGCT6&GG ACACCCGCCG TGCCGCAGGCjj
481 CGTGBTGGCG TTGRTGAAGG TCCTGTTG'JC CTTGCCGCDG ATGGTGAGCG TGACCAGGTCJ
541 CGTGCCGGTG CCG6GCGCGT CCAACTGGGG TGCGACGCCC GGGTACTGGG CCCGCGTG&ft
€01 GTCGGCGGTC TGCGCGGCGC CGC&GGTG&C GTCCGTSASG CGGGCGCCCG TCGTGTCCGC
661 GATG&CGTGG GGGTRGTTGG CCGTCGAGCG CAGACRGftGC AGGTTGGCGG GGTCGRCGGG
721 CAGGACGCCG GAGCCGGCGC TGYACCTGTC GCCGAGGGCG ACGTAGTCCA GGGTCGGAGY
7B1 GGCCTGGGCG GGCGCGGCGT GGGCGGTSGC GTCGGTGAG6 CCGftGGGCGA GCCTGCCGftC
641 GGCGGCGRCT GTCGCGGTCA TGACRCGGCG AAGGGCAGGC TTCGGCAT



Figure 13
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1 ATGGATTACG AGAAGTTTCT GTTATTTGGG
61 AGG0CC&TT6 AAGASGGCAA AGATGAGXAT

121 ACGM31AAAA TGGAIATTCT TCAAAGBGGG
181 AAAAIACTTC CTGAGATTTT AAAGCATGAA
241 CGTGCCAACG ATCCATGCTC AGCRGGTCCC
301 AATATTCGTC AAATGGTATC TTTGRTGAAG
361 CCGGGGCXAG TAGATAGAGA GAAGTGGGAA
421 TACTTCCGTA CCAACGAGAA CTTTGCCATT
481 GAGGAA&AAS TTCLC1TUbf GGCJ IlQkftJ

541 TGGCAftCAAC TGCTAACAGA TGGACTGCAC
601 GACGAATTAT TGftAGGTCAT TGAGACAWC
661 TACAAACTGA AAGAXTGGAG AGATGTGCTA

G&TTCCATTA CTGAATTTGC IIllAATACT
GCTCTtGGftG CCGCATTACT C&ACGAAXftT
TTCAAAGGGT ACACTTCTAG KTGGGCGT7G
TCCAATATTG TCATGGCCAC AATAITTTTG
CAAAGTGTCC CCCTCCCOGA ATTTAXCGAX I

TCTTACCATA TOCGTCCTAT TAXAAXAGGA
jj

aaabaaaat ctgaagaaat AGcxcrcGG&'j
TATTCCGATG CCTTAGCAAA ACTAGCCAAT
AAGGCGTTTC AACAGGAAGG TGGTG&TGCT
TTTTCCGGAA AAGGGTACAA AATTTTTCAT
TACCCCCAAT ATCATCCCAA AAACATGCAG
GATGAXGGAT CTAACATAAT GTCTTGA

NZAS-0212253
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(SEQIDNo. 12)

10 20 30 40 50 60 :

r ' i i i i i
;

JfmtQpHG&A TAAL&LGLAA CGGGG9DQS6 NM3VAKVCBM WFGWXSDI GTYTPVAQaV

10 80 90 100 110 120

I I I I I I

GGOTTTFPG PIWAETVRAQ LGVTtTPAVM GTATSVQ9CP KAGCFDYAQG GSRVTDPHGI

130 140 150 160 170 180

I I I \ I I

GHHCGAGAL* YFVQQQttASF YAASHWTFNG HSEWFVLA6 SHDIFFWTTA AATSG3GVTP

190 200 210 220 230 240

I I I I ) I

AIATAQVQQA ATDLVGYVKD MIAKGATQVY VFHLP0SSI»T FDGVASGTTG OAVLHALVGT

250 260 270 280 290 300

I I I I I I

TOTTLQSGIA GTSARUDFH AQLTAAIQNG ASKtfAMfttt 1VPSAGGSSI,

310 320 330 340

I I I t

FCSABTDVAS G&DQSYLFRD GVBFTTAGHR XXASHVLARL LADNVAH

NZAS-0212254
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Figure 15

(SEQED No. 13)

atgaacctgc gtcaatggat gggcgccgcc acggctgccc ttgccttggg cttggeegcg 60 .

tgcgggggcg gtgggaccga ccagagcggc aatcccaatg tcgccaaggt gcagcgcotg 120

gtggtgttcg gcgacagcct gagcgatatc ggcacctaca cccccgtcgc gcaggcggtg 1B0

ggcggcggca agttcaccac caacccgggc ccgatctggg ccgagaccgt ggccgcgcaa 240

ctgggcgtga cgctcacgcc ggcggtgatg ggctacgcca cctccgtgca gaattgcccc 300

aaggccggct gcttcgacta tgcgcagggc ggctcgcgcg tgaccgatcc gaacggcatc 360

ggccacaacg gcggcgcggg ggcgctgacc tacccggttc agcagcagct cgccaacttc 420

tacgcggcca gcaacaacac attcaacggc aataacgatg tcgtctrtcgt gctggccggc 480

agcaacgaca ttttcttctg gaccactgcg gcggccacca gcggetccgg cgtgacgccc 540

gccattgcca cggcccaggt gcagcaggcc gcgacggacc tggtcggcta tgtcaaggac 600

atgatcgcca agggtgcgac gcaggtctac gtgttcaacc tgcccgaeag cagcctgacg 660

ccggacggcg tggcaagcgg cacgaccggc caggcgctgc tgcacgcgct ggtgggcacg 720

ttcaacacga cgctgcaaag cgggctggcc ggcacctogg cgcgcatcat cgacttca&c 780

gcacaactga ecgcggcgat ccagaatggc gcctcgttcg gcttcgccaa caecagegee 840

• cgggcctgcg acgccaccaa gatcaatgee ctggtgccga gcgccggcgg cagctcgctg - 900

ttctgetegg ccaacacgct ggtggcttcc ggtgcggacc agagctacct gttcgccgac 960

ggcgtgcacc cgaccaeggc cggccatcgc ctgatcgcca geaaegtget ggcgcgcctg 1020

ctggcggata acgtcgcgca ctga 1044

NZAS-0212255
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Figure 16
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10— 20
—+-

30-+ 40 50
•I

flDTRPflFSRIVMFGOSl^TGKMYSKr)RGYLPSSPPYYEERFSH--fi
QS6HPHVRKVQRMWFGDSLSDIGT YTPVRQflVGCGKFTTNPG
...adnraafqRiVnFGDSLSDiGk. YlPsaqaygeGrFsn* «G

51
I-

60 70
-—+-

80 90—+-
100

•I

PVHLEQLTKQFPGLTIBMEflEGGnTflVnYHKISHHPKYaVIHHIJJYEVTa
PIWtETVRflQL-GVTLTPRWGYflTSVQNCPKf«aTDYBQG£SRVTDPH6
P !MaEqlaaQl.GITIanaaeGgflTaVannkiagnfdYaqgnnrdtSpnq

101 110 120
i

130
-- i-

140— t

150
-I

FLQKDSFKPODLVILHVGnHDyLflYG—MMTEQDflKRVRDfllSDBBWJHV
IGHHGGflGflLTTPVQQQUWFTflflS)OffFHGHHDVVn^GSlIIXn:FHTT
igqndgagaddlp I qqqgflNdYaflsn. »fNg*ttDakrVraainDaanmb

151 160 170 180 ISO 200

LHGflKQILU^POLGQHPSHRSQKVVEfiVSMVSfrrHHKL-lJJlLflRfflJl
nnHTSGSGVTPfllflTnQVQQnflTDLVGYVKDMIBKGRTQVYYFHLPDSSL
aaaakqiglFnaialaQnqqRasjUVgeakdh ! aaganql.JJ>tt_arqla

201
I-

210 220
-«

230 240
<

250
•I

PTGIfVHJTCDKQFnEniJfflPQ
TPDGVflSGTTGQftLDlRLVGTFNTTLQSGLBGTSBRIIDFNflQLTflHIW
PpdgValseidqalaeaLrdpqNfgLqdgeagcsargidfnaqaTaalqn

251
i-

260 270
i

280- 290
1—

300
-I

DRQLSRFSPQERLRIBG—HPLLRQRVR5PH RRRSflSPLHCEGKMFH
GBSFGFnirrSHRflCDnTmBLVPSflGGSSLFCSflMTLVBSGRmKYLFn
daqlgaanpqaRaadRg..NaLlaqBgaSp$.. .Rrrlaapgad#gk$Fa

301
I-

310
I -

320 330
I

DQVHPTTVVHRSlSERfnTFIETQYEFLnH
DGVHPTTRGHRLIRSHVLRRLLR—DNVRH
DqVHPTTagHaaiaeraaariea. . SnlRH

NZAS-0212256



This Page is Inserted by IFW Indexing and Scanning

Operations and is not part of the Official Record

Defective images within this document are accurate representations ofthe original

documents submitted by the applicant.

Defects in the images include but are not limited to the items checked:

BLACK BORDERS

IMAGE CUT OFF AT TOP, BOTTOM OR SIDES

FADED TEXT OR DRAWING

BLURRED OR ILLEGIBLE TEXT OR DRAWING

SKEWED/SLANTED IMAGES

COLOR OR BLACK AND WHITE PHOTOGRAPHS

GRAY SCALE DOCUMENTS

LINES OR MARKS ON ORIGINAL DOCUMENT

OTHER:

IMAGES ARE BEST AVAILABLE COPY.
As rescanning these documents will not correct the image

problems checked, please do not report these problems to

the IFW Image Problem Mailbox.

BEST AVAILABLE IMAGES

REFERENCE(S) OR EXHffiIT(S) SUBMITTED ARE POOR QUALITY

C


